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CON T EN T 8 
Of the Second VoLums. 


BOOK II. 


The Properties of the Earth in reſpect to the 
Heavenly Bodies. 


C HAP. XXII. 


D N1TIONnSand Preliminaries, Page 329 

7 1. Definitions of Globes, Maps, the Poles, 

and Axis of the Earth, Parallels, Circles 
_ of Latitudes, the Tropics, polar Circles, 
Meridian, Horizon, &c. 

20 of the apparent diurnal Motion, or Revolution of 

_ the Stars. 

3. Of the proper or annual Motion of the Sun. 


_ CHAP. XXIIlL 
Of the Latitude of Places, and the Elevation of 


the Pole Page 536 
1. Definition of the Latitude of a Place, and a Cir- 
cle of Latitude. 


2. Definition of the Elevation of the Pole. 

3. To find the Latitude of 4 Place on the Globe, er 
in Maps. ; 

4. A Place being given on on the Globe, % ſet the 
Globe ſo that the wooden Horizon may become the 
8 of the Place. CE 
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5: The Latitude of a place, is equal to the Eleva. 
tion of the Pole. 
. To exhibit all thoſe places on the Globe, or in 
Maps, which have a given Latitude, or Diſtance 
from the Equator.” 
7. To find a Meridian Line, or the- Point of North 
and South, in a given place. 
8. To ſet the Globe with reſpett to the four Quarters 
R the World. f 
. To find the Latitude of a place by the Heavens. 

4 The different Latitudes of places. 

11. When a Perſon is in an unknown place, but finds 
us Latitude, to exhibit the Periphery of a Circle 
upon the Globe in one 9 of which the Perſon 
certainly is. 


HA A. 


Of the Zones, and the Celeſtial Appearances in 
different Zones. Page 544 

1. The Diviſion of the Earth's Surface into the Zones 
ariſes from the proper Motion of the Sun. The 
Definition of Zones. 

2, The Sign from whence 10 collef in what Lone any 
place hes. 

3. Thro' what places the Equator paſſes, or what places 
lie in the Equator ; what Regions are in the Tor- 
rid Zone; what in the Temperate Zones, what 
in the Tropics, and what in the Frigid Zones. 

+ In what places the Sun is vertical once a Year, in 
chat twice, and in what never. ; 

5, In what places the Sun does not riſe, and ſet, in 
ſeveral Revolutions, or for ſeveral entire Days 
in what places it does not Jet on one ads in the 
Lear only, &c. 

6, In ket Places the Sun riſes and ſets every Day. 

| 7. A place being given in the Torrid 2 to find 

theſe two Days of the Year wherein the Sun js 
ve, to that Race, 

8. 4 Plac⸗ 
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8. 4 place being given in the Frigid Zone, to Hd 
the firſt Day of the Near wherein the Sun will not 
ſet to-that' place; and what Days it will not ſet: 
again to find the firſt Day wherein the Sun will 
not riſe, © | 
9. The Day of the Year being given, to exhibit all 
© thoſe places of the Earth where the Sun will be 
vertical that Day at Non. 
10. The Day of the Year being given, to er bibit all 
thoſe places of the Earth where 1he Sun does not 
ſet on that Day, as the firſt.” 
11. To , the Breadth and Extent of the ſeveral 


Zones. 5 


Of the different Lengths of pn in different places ; 
and the Diviſion thence ariſing of the Surface of 
the Earth into Climates, Page 554. 

1. On two Days of the Year the Day and Night are 

8 | equal i in all places of the Earth. 

2. In places under the Equator all the Days * 
M ?gbts are equal. Under ibe Pole there is but one 
3. 755 and one Night throughout the ar. 

-# other places no other Days are equal to the 
Nights, -befides theſe two, 
place being given on the Globe, and the Day 
2 he Year, io find the Number of Hours the Sun 
well continue above and a os Hanus * that 
place the Jens Dey Un Te, 

8.2 Of the longeſt ſhorteſt Do 

How the Days 1 in "all PLS l * | 
come to the longeſt ; and bow. they decreaſe to the 
ſhorteſt, | 

7. "The .remoteſt_of 10 places from'the Equator bas 

all the Days for one balf of the Year, and there- 
fore it's longeft Day, Hop ey the iber. ; 
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8. All the Places of the Earth that lie in the ſame 
Parallel baue all the Days of the Year equal, and 
conſequently the longeſt. Da) of the Jane Lai. 

9. Climates and Parall:ls defined. 

10. The unequal Increaſe of the longeſt Day in BP 
Increaſes of Diſtance from the Equator, 

11. The Quantity of the longeſt Day in any Place be- 
ing given, to find the Latitude of that Place 

12, A ſmall Number of Days being given, to exhibit 
thoſe Places of the Earth (or find their Latitude) 
where the Sun does not riſe and ſet ſo many Days. 

13. To make a Table of Climates. | 

14. The Method of other Geographers in rockaning 
and fixing the Table, &c. 

13. . the Uſe of the Table of Climates. 


0 H AP. XXVI. 


Year in different Places and Zones of the Earth, 
Page 567 
1 1. The Cauſes enumerated which may produc or alter 
[| Light, Heat, &c. 
| 2. How Spring, Summer, Ct and Winter are 
to be defined. | 
3. The Determination of the Seaſons i in differen Zones, 
and Places of the Zones. | 
4. 4 Place in the Torrid Zone being given, 10 fad 
the Days of the Year whereon Summer, Autumn, 
Spring, and Winter begin and end. | 
; 5. In what Places the Duration of the four Seaſons 
|? is equal, and in what unequal. 
4 6. Of the unequal Depreſſion of the dun below the 
1 Horizon in different Places. 
[| 7. To find the Duration of the Twilight, in a given 
lace, upon a given Day. 
B 8. The Twilight 15 Peri in the Torrid Zone, and 
| | | longeſt in the — 
= 9. At 
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9. At what Hour in any Place in the Torrid Zone, 
the Sun bas the ſame Altitude as at Noon in any 

Place out of the Torrid Zone. 
10. The Cauſes of Light, Heat, &c. in the T wril Zone, 
11. How the Light, Heat, and Seaſons, are found in 

the Places of the Torrid Zone. 

12. How in the Places of the Temperate Zones, 
13. How in the Places of the Prigid Zones, 


CHAP. XXVII. 


Of Shadows, and the Denominations of Places, 

_ thence ariſing, Pag. 619 

Definitions of the Periſcii, Aſcii, Se. = 

1. Shadows falling oppoſite the dun. 

2. =_ Inhabitants of the Ti ropics are Aſcii Hete- | 
roſcii. 

3: The Inhabitants of the Ti orrid Zone Aſcii Am- 
phiſcii. 

4. The Inhabitants of the Temperate Zones Heteroſcii, 

5. The Inhabitants of the Frigid Zone Periſcii. 

6. A Place being given in the Torrid Zone, to find 
the Days of the Year wherein the Inbabitants of 
that Place are Aſcii. 

7. A Day of the Year being given, 10 exbibit thoſe 
Places where the Inhabitants are Aſcii on that 

Da 

8. A Plate being given in the Frigid Zone, to find 

* the Days wherein the Inhabitants will be Periſcii. 
. On the contrary, a Day of the Year being given, 
to exbibit all thoſe Places the Inhabitants whereof 

Become Periſcii on that firſt Day. 

10. How the Shadow falls on Places, under the Equator. 

11. To fix a Plane in any Place, ſo that the Shadows 
of a Style upon it ſhall be directed as on a hori- 
zontal Plane of any other Place. 

12. In Places under the Equator the Shadow on the 

 equinoftial Days remains in one rait .. 
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13. How the Buſineſs of Shadaw happens in Mace of 
the Torrid Zone. 

14. A place being given in the Torrid Zone, to find 
the Hour, and point of the Compaſs in which the 
Shadow will go back, and the Sun appear to change 
his Courſe. 

15. How the Length of Shadows increaſes and decreaſes. 

16. The Length of a Style and it's Shadow being given, 
to find tbe Height of the Sun. 

17. To find the Length of the Shadow projected by the 

whole Earth. 

18, How large @ part of the Moon is darkened in an 
Eclipſe. 

19. The different Lengths of Shadows. 

20. Of the Shadow of a_ Style, which is part of the 

Axis of the World, or 3 thereto. 

21. To make an Equinoctial Sun- Dial. 

22. To deſcribe a Dial on an horizontal Plane, | 

23. To mate a vertical Dial. 

24. To make a Dial for one place, to foew the Hour 
at another. 

2 25. Jo make a Dial whereon the Shadow ſhall go back. 


CHAP. XXVIII. 


Of the relative Properties of the Heayens in different 
Places of the Earth ; with the different Denomi- 
. nations of the Inhabitants, thence ariſing, P. 633. 
1. What People have it twelve Clock, and all the 
fame Fours at the ſame Time. 
2. What People bave different Seaſons of t the Year at 
' the ſame Time. 
3. Of left Hand and right, and the Rifu ing and _ 
4. The Properties of the Antoeci, compared, 
5. What People have no Antœci, Sc. | 
1 by exhibit the Antceci, Teras, and Antipodes 
a given Place. 
7. The Comparative Properties i the Inhabitants of 
_ the ſame Parallel. 8. The 
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8. The Comparative Properties of the Periceci. . 
9. The Comparative Properties of the Antipodes. 
10. The Periceci of one Place, the Antipodes 50 no- 
ther, &c. | 
11. To exhibit all thoſe Places upon the Globe that have 
| F Teme with a giuu 
ce 
12. A Place being given, to ex hibit all thoſe Places where 
the Days are equal with the. Nights of the former. 
13. At what Hours the Antceci ſee the Sun together. 
14. At what Hours the Periceci do the ſame. 


CHAP. XXIX. 


The Time of different Places compared, P. 643. 
I. The Hour of one place vin given, to find ibe 
Hour of another. 

2. The Hour of any one place Joing given, to he 
the other. places where it is any Hour at pleaſure. 

3. The Altitude of the Sun bring given, with the Day 

ef the Year, and the Latitude of the Pact to 
find the Hour, &c. 

4. The point the Sun is in being given, 10 find the 

Hour of tbe place. 

5. To find the Hour of the place by the Globe and 
Sun. ſhine. 

6, 7. An Hour being given according to the common 
' Reckoning, to 4 tbe Babyloniſh Hour; and con- 
verſely. . | 

8, 9. The. common Hour being given, to find the 

Italian Hour; and converſely. | 

10, 11. The common Hour being given, to find the 
Jewiſh Hour; and converſely. 

12. Whence it happens that in aibng round the Earth, 

4 Day is either loſt or got. 


CHAP. XXX. 


| of the different Riſings and Settings of the Sun and 
Stars in different Places, Page 2 
77 1 I. To 
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1. To fuſpend a Globe in ſuch a Manner as that the 
Sun may illumine ſuch Parts thereaf as it does 
the correſponding Parts of the Earth each Hour 
of the Day. 

2. To do the ſame with the Globe and the Moon. 

3. The different point of the Horizon, wherein the 

Sun riſes and ſets. 

4. Of the right and oblique Aſcenſion of the Sun a- 
bove the Horizon. 

5. The Different Times wherein the Conſtellations riſe. 

6. A Day being given, to find the Places where the 
Sun riſes in a given point. 

7. The Hour being given, to ſhew the place wbereto 

the Sun is then vertical. 

8. The Hour being given, to find the places from 
whoſe Vertex the Sun has a given Diſtance. 

9, 10, 11. The Hour of a given Day being given, to 
exhibit all the places to which the Sun then riſes 
and ſets. 

12. To find how large a part of the Earth may be 

illumined by the Sun. 

13. How much ſooner the riſing Sun may be ſeen upon 
the top than at the Bottom of a Mountain. 

14. From this Difference of Time, to find the Height 
_ of the Mountain. 

15. To exhibit the places whereto the Moon is vertical 

upon a given Day. 

16. To find the Hour of the Moor? s if ing and ſetting. 

17. To ſhew all the places where the Moon riſes and ſets. 

18. To exhibit the places where the Eclipſe of the 

Moon may be ſeen, and where it cannot. 

19. How large a part of the Earth is illumined by 
the Moon at Full- Moon. 

20. To exhibit all the places whereto any fixed Star is 

ertical. 

21. To exhibit all the places where, at a given Hour, 


— * 2 Star i is in the Meridian, 
| 22, To 
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22, To exhibit all the Places, above whoſe Horizons 
any Star is at a given Hour, and to which it 
riſes and ſets, &c. 

23. To exhibit all the places whoſe Days are _ to 
our Nights. © 

24. Why the Days lengthen and ſhorten faſter near the 
' Equinoxes, than near the Solſtices, &c. 

25. The Sun goes back much faſter from the Vertex of 
the places in the Equator, than of thoſe near the 
Tropics in the Torrid Zone. 


B O OK III. 
The Comparative Part, regarding the Farth. 
CH AP. XRRE 


Of the Longitudd of Places, Page 668 
1. Any place may be taken for a beginning to com- 
Pute the Longitude from. | 

2. To determine the firft Meridian upon the Globe of 
the Earth. 

3. the Latitude and Longitude of a place being given, 
to exhibit that place 3 the Globe, and in Maps. 

4. All the Stars move fifteen __ in an Hour, 
from every Meridian. 

5. The Hours of two places being given, at one and 
the ſame Inſtant of Time, to find the Longitude 
of one of thoſe places from the other. 

6. Having the ſame Data, and one place given in 
the Globe, or Maps, to ſbe the Meridian of 
the other Place on the Globe, or Maps; or the 
Meridian in a Point whereof this other Place 
muſt neceſſarily lie. 

7. Six Ways of finding the Longitude-of a Place. 

8. Five leſs proper Methods of finding the Longitude. 

9. Tables of the Longitude and Latitude of the more 
eminent Places, 

A Table of the Sun's Right Aſcenſion, on. 
A Table of he Principal Fixed Stars. 
CHAP. 
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' CHAP. XXXII. 


Of the Situation of places with reſpect to one ano- 
| ther : and the Art of making Globes and Maps, 
| | Page 717. 
| 1. A Place of the Earth being given, to find the Si- 
| tuation of all other Places in reſpett thereto. 
| 2. A Placeof the Earth being given, to exhibit upon 

the Globe all the Places which have a given Bear- 
ing from that Place. 

3. A Placeof the Earth, or Globe, being given, to 
exhibit all thoſe Places to each of which the given 
Place bas the ſame given Bearing. 

4. The Bearing of one Place from another being given, 
together with it's Diſtance, and the Latitude of 
the latter, to find the Bearing of the latter from 

the former; and it's Latitude. 

g. Three Methods of making Terreſtrial Globes. 

6. Five Ways of making general Geographical Maps; 
and four of making particular ones. 


CHAP. XXXIII. 


Of the Diſtances of anus; Page 762. 

1. The ſhorteſt Diſtance between two Places on the 

Surface of the Earth, is an Arc of a great Circle 
. intercepted betwixt the two Places, 

2. Two Places being given upon the Surface of the 
Globe, to deſcribe a great Circle thro* them, or an 
Arc, which is the ſhorteſt Diſtance between them. 

3. The Diſtances of Places remain continually the 
ſame, excepting ſome ſmall Differences. 

4, 5. No Places on the Surface of the Earth are di- 
ſtant from one another more than 2700 German 

Miles, of 15 to a Degree. 
6. A Place being given on the Globe, to exhibit all the 
| other Places diſtant from it any given Number of 
| Miles „ 
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7. What particulars may cauſe the Roads betwixt 
Places to be longer or ſhorter than the ſhorteſt or 
true Diſtance, | | 
8. To find the Diſtance betwixt two places on the 
_ and er . ä 
. The Longitude and Latitude of places being given 

7 to find their Diſtance. 77 | * 

10. The Latitude and Bearing of two places being 
given, to find their Diſtance. 

11. The Longitude of two places being given, with 
the Latitude and Bearing of them, to find their 
Diſtance. 

12. The Diſtances betwixt two places of the ſame 
Longitude being given, and the Bearings of a third 
from them, to find the Diſtance of the third from 
the other two. 
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Of the ſenſible or viſible Horizon, Page 775. 

1. The viſible Horizon is of a different Magnitude, 
according to the different Height of the Eye. 

2. To find the Quantity of the viſible Horizon to a 
Man of the talleſt Stature. 

3. The Height of the Eye being given, lo find the Di- 
ſtance of the ultimate viſible Point. 

4, 5. The top of an Object of a known Height being 
viewed from ſome Eminence, io find the Diſtance 
thereof. "0g 

6. On theother hand, the Diſtance being known, to 
find the Height. 

7, Refrattion increaſes the Quantity of the viſible 
Horizon. | 2 

Geographical Theorems, 
Geographical Paradoxes, with their Solutions, 

| CHAP. XXXV. 

Of the Art of Navigation in general z and of Ship- 
Building, in particular, Page 800. 


3» The Requiſites to Sailing in perfection, 5 
2. The 
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2. The Things to be "_ in the Building of 
Ships. 
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Of the Lading of Ships, Page 804 
1. A Ship's Lading, or Buriben, computed by Laſts 
and Tuns. 
Of the floating and finking of Bodies in Water, 
The Capacity of the Figure of a Ship, 
Two Conſiderations in Lading a Ship, 
Why loaded Ships are apt to ſink in Rivers. 
The Weight of Bodies floating on Water. 
2 be Weight of different Waters, 
The juſt Lading for Ships, 
2% 2 Ships are diſordered by Storms, 


CHAT. XXXVII. 
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The firſt Part of the Art of Navigating or Con- 
ducting a Ship, Page 809 
1. Definition of the Art of Conducting a Ship, and 
it's Diviſion into four Parts. 
2. On what Foundations the Knowledge of the Di 
ftance of the Ship's Courſe depends, 
A Tide Table. 


CHAP. XXXVIII. 


The ſecond Part of the Art of Toma a Ship, 
age 834 
I. To find the Points of the Compaſs in all Places, 
2. To make the Sea-Compaſs. 
3. The Number of the Points of the Compaſs. 
4. Of the Variation of the magnetic Needle, and the 
3 of the Compaſs. 
. To find the Variation of the Needle. 


6. of correcting or refiifying the Compoſt: ; _— tbe 
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Sea - Terms thereto relating; and the Cauſes that 
alter the natural Poſition of the Needle. 


CHAP, XXXIX, 


Of the Line of a Ship's Way, Page 852 

1. One Place bearing North or South of another, bas 
the ſame Bearing to all the intermediate Places. 

2. Two Places lying in the Equator bear Eaft or Weſt 
from one another, and all the intermediate Places, 

. Two Places not lying in the ſame Meridian, nor in 
the Equator, do not bear the ſame way from one 
anotber, and all the intermediate Points, | 

4. A Ship cannot ſail without being for ſome Time 
directed in one Point of the Compaſs. 

g. What Line betwixt two Places is the moſt com- 
modious for a Ship to ſail, 

6. When a Ship is to ſail due North or South, ber 
Way is the Meridian of the Places departed from 
and ſailed to. | 

7. FA a Ship ſail from any Place in the Equator due 

Eaſt or Weſt, ber Way is a portion of the Equator, 

8. When a Ship ſails from any Place out of the E- 
quator due Weſt or Eaſt, ber Way will be the Pe- 
riphery of the Parallel of the Place ſailed from, 

9. Ja Ship be to ſail from any part of the Globe 
not in a Cardinal Point, ber Way is not circular, 
or the Periphery of a Circle; but a ſolid Curve 
Line, winding, like a Spiral, in infinite Revolu- 
tions about the Poles, 

10. A Ship directed to the Point wherein the Place 
of Departure bears to the Place ſailed for, will 
never obtain her Port; unleſs the two Places lie 
in ihe ſame Meridian, or in the Equator. 

11. When a Ship is to be directed in the ſame, and 

woben in different Points, from the Bearings of the 
Places ſailed to, and left, | 
2 12, The 
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12: The Number of Rhombs. j 

13. The Magnitude of the Loxodromy. 

14. 1s Parts betwixt equidiſtant Parallels are equal. 

15, 16, Tio places of the Earth being given, to find 
- the Loxodromy, or Rbomb, which will be the 
Ship*s'Way, in ſailing from one tothe other ; and 

tbe point wherein ſbe is to be directed. 

A Tore 7 Meridional Parts. 


CHAP. XL. 


Of the Knowledge of the Place the Ship comes to, 
at any Time of her ſailing; and the Manner of 
marking it on the Sea- Chart, Page 893. 

1. A Ship cannot be conducted without knowing the 

Situation of the place to be ſailed from. | 

2. To find the place the Ship is arrived at, in the 

Chart, or by Calculation. 

3. To conjecture in what point, and in what Loxo- 
dromy, or Rhomb, a Ship ſails, 

4. To diſcover, by Conjetture, bat Way a Ship has 
ma 
: To obſerve the Latitude of a WO at. Sea. 

4 To 3 the hs of a Place al Len. 
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of the Properties of Places on the Earth, 
that ariſe from the apparent Motion of 


the Stars. 
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88 V ply, ab/olutely conſidered; we come 
SAY nowto the ſecond Part of this Do- 
ew ctrine, in which we ſhall conſider 
che Properties of the Earth that 
depend on the apparent Motion 

of the Sun and Stars, and would 


— e Motion did not appear: the Expli- 
cation of which will more properly belong to Geo- 
V OL, II, B graphy, 
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 graphy, if we ſuppoſe the Earth to move, as in 
| Chap. vi. And for underſtanding hereof we muſt pre- 

miſe the following Definitions and Hypotheſes, 


© DEFINITIONS. 


1. THE Avriificial Terreſtrial Globe is a Globe 
made. by Art, on whoſe Superficies the Parts of 
the Earth are repreſented, in their proper places, in 
the ſame proportion which the Globe's Superficies 
hath to that of the Earth. - + 

A Map, or Geographical Table, is a plain Figure, 
in which is repreſented the Situation of the parts 
of the Earth's Surface; and is 4niver/al or particular: 
the one ſhows the whole Superficies of the Earth ; 
the other a part only, Some of them are made 
by ſtrait, others by curve Lines ; both repreſent- 
ing the Peripheries of Circles on the Earth. The 
Compoſition both of Globes and Maps we ſhall 
ſhow at the end of this Book; for it cannot be 
yet underſtood. | | | 

2. THE Poles of the Earth are two fixed Points 
diametrically oppoſite, at the ends of the Axis, about 
which the Earth revolves ; and are exactly under the 
two Points in the Heavens about which the Stars 
ſeem to revolve, The Pole that is under the Bear 
is the North, or Arctic, Pole; the other the South, 
or Antarctic, Pole: which is better underſtood by 
ſeeing them on the Globe than by Words. 

3. T HE Zenith and Nadir are the Poles of the 
Horizon; the former being the Point directly over 
our Heads, and the latter that directly under 
1 < our Feet. | | "4 24 Fans 
3s 4. THE Equator is the Periphery of a great 
„ Circle on the Earth, equally diſtant from the two 
Poles, and is called the Equinoctial Line; or the 
Line, by Sailors in the way of Eminence; and to 
it are all the Circles (deſcribed by the diurnal Mo- 
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tion of the Stars) parallel; and thereforè the E- 
quator is that on which their diurnal Motion is 
meaſured. 

T H E Circles called Parallels to the Equator 
are the leſſer Peripheries parallel to it. On the 
Artificial Globe the Equator is more conſpicuous 
than the Parallels or Circles of Latitude, and is 
divided into three hundred and ſixty Degrees. 

THESE may be alſo-ſhown on the Uuiverſal 
Geograp ical: Maps, whoſe curve Lines meet in the 
Poles. Thoſe Maps that have only ſtrait Lines have 
not the Poles, but the Meridians are ſuppoſed to 
terminate in them. The Equator in both is a 
ſtrait Line cutting the Meridians at right Angles, 
tho in ſome particular Maps, of Aſia and Europe, 
tis curve; and alſo the Parallels are curve in cur- 

vilineal Maps, and ſtrait Lines in others. 
= Hl: E bee is wie a rent Circle i in the 


* % & &# 


ung as « far from it as = Sun goes. towards 
the Poles; which is twenty three Degrees twenty 
nine Minutes, being the Angle the Ecliptic. makes 
with the Equator; the one is called the Tropic 
of Cancer, on the North Side of the Equator; the 
other of Capricorn, on the South Side. They are 
marked on the Globe and Maps by a double Line 
with their Names. And the polar Circles are 
two Parallels, as far from the Pole as the Tro- 
pics are from the Equator, called Arctic and An- 
tarctic. The Circles hitherto explained do not de- 
pend on certain places as the following do- 

8. THE Meridian of a place on the Earth is 

the Line that paſſes from the North, over the 
Pack. do the South; aue which when the Sun 


comes 
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comes *ris Mid:day there, or the middle beriveen 
Sun * and ſetting. 1 bog 


GP 097 H E O R * M. k 

E ui © 
* H E. Meridian of a Place paſſes th chro both the 
Poles 63 ͤ Earth” ooo A 599 | 

THERE are Meridiatis drawn on this Globe 
cutting every tenth or fifteenth Degree on the 
Equator ; and the Meridian of Braſs repreſents 
them all, i. e. if any place is brought under it; it 
will be the Meridian of that place. 10 

IN right lined Maps the Meridians are trait 
Lines from the Top to the Bottom; but in curve 
Hed Maps they are curve, and meet in the Poles. 

THE Azimuths are great Circles inter- 
8 gn each other in the Zenith and Nadir, as 
the Meridians do in the Poles of the World. 
© Upon them is reckoned the Sun or Stars Altitude, 
but when the Azimuth of the Sun or a Star is 
< ſpoke of, we are to underſtand the Angle which 
the Azimuth that the Sun or Star is in makes 
« with the Meridian, either from the North or 
South. 
10. CIRCLES of Longitude interſect each 
< other in the Poles of the Ecliptic, and conſe- 

« quently cut it at right Angles as the Meridians 
do the Equator, becauſe the Motion of the Sun, 
Stars, or Planets, whether according or contrary 
to the ſucceſſion of the Signs Aries, Taurus, 
© Gemini, &c. is reckoned upon the Ecliptic.” 

11. T HE Horizon of a place is a great Circle in 
the Heavens, which divides the viſible part of the 
Heavens from the inviſible part; and is called the 
rational Horizon, to diſtinguiſh it from the viſible 
Horizon, which terminates our Sight round us; 
which is but a ſmall Circle, and but improperly 
called the Horizon. It hath no fixed place on the 

artificial 
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artificial Globe; but the wooden Circle, which 
ſuſtains the Globe and braſs Meridian, repre- 
ſents every Horizon, when the place is at the 
Top, as ſhall be ſnown; and 'tis called the wooden 
Horizon. 

THESE Definitions are neceſſary to the un- 
derſtanding what follows. We muſt alſo know 


from Aſtronomy how the Sun and Stars move. 


1. THAT is the firſt Motion common to them 
all, by which in twenty four Hours they go round 
the Earth when they riſe, paſs the Meridian, and 
ſet, and riſe again; and they therein ſeem to de- 
ſcribe every Day Circles parallel to the Equator; 


as moving all on the Axis of the Earth; and thus 


they move fifteen Degrees on the Equator, and 


every Parallel, every Hour; which is the twenty 
fourth Part of three hundred and ſixty Degrees 
round, as appears by the horary Circle of Braſs 


fixed on the Meridian, at the North Pole, whereon 
the Index points to the Hours, as the Globe re- 
volves. 


THE ſecond, and proper, or annual, Motion 


of the Sun, is that by which the Sun (or che Earth) 


moves from Weſt to Eaſt; which is againſt the 


firſt Motion. The Time or Number of Days in 


which the Sun returns to the Point from which it 


came, is called a Year; which is three hundred 
and ſixty five Days, and about a quarter of a 
Day. The path of this ſecond Motion is called 
the Ecliptic, which is divided into twelve Parts, 


called Signs; for Aſtronomers have obſerved thoſe 


Stars or Conſtellations of the Heavens, thro' which 
the Sun: paſſes, and from theſe the twelve Signs 
receive their Names. And becauſe they are all 
Animals, therefore the Ecliptic is called by the 
Antients the Zodiac. But properly the Ecliptic 
is in the middle of a Belt, which is ſixteen De- 
bees broad; in 1 9 others planets move 


from 
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from Welt to Eaſt ; ſome nearer,” others further 
from the Ecliptic. The Names of the Signs are 
comprehended in theſe Verſes: Eb ade 


Y 10 March N I'S 177 8 


Sunt Aries Taurus Gemini Cancer Leo Virgo 

10 Sept, m . 10 Dem. TIC 

Libraque Scorpius Arcitenens Caper Ampbora 
5 X 75 2 5 y 4699 LORD , 4 13 


Arcitenens is alſo called Sagittarius, Caper Capricor- 


nus, and Ampbora Aquarius. The Ecliptic cuts the 
Equator obliquely, and it's greateſt Diſtance is a- 
bout twenty three Degrees thirty Minutes; and 
where the Ecliptic cuts. the Equator, which is 
in two points, the Ecliptic begins at one of them, 


and the Sun in any one of theſe two Points makes 


the Days and Nights equal in all Places; and then 
Spring and Autumn begins; the Spring at the firſt 
of Aries, and the Autumn the firſt of Libra; and 
tho? two thouſand Years ago the Signs were where 
the following ones are now, that is, they are gone 
backward, yet they retain. their. Names, without 
regard to the Stars they left. 

EACH of theſe twelve Signs is divided into 
thirty Degrees, and the Sun moves fifty nine Mi- 
nutes eight Seconds each Day, by going thro? 
three hundered and ſixty Degrees in the Ecliptic, in 
three hundred and ſixty five Days and a quarter; or 
we may reckon it a Degree in a Day: nor is there 


need for greater exactneſs in a ſmall time, eſpe- 


cially when the Deſign is only to inſtruct others. 
Likewiſe there being twelve Signs in the Ecliptic, 
and twelve Months in the Year, it goes thro* a 


Sign in a Month; but enters not the Sign in the 


beginning of the Month, but about the twenty _ 
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Day, according to the Gregorian Calendar, or the 
eleventh according to the Julian, vix. into Aries, 
March the tenth, and the tenth of April into Taurus, 
Sc. or a little before, or after, the tenth Day. But 
if we would have the exact Knowledge of the -Sun's 
Place it muſt be calculated from Tables, or taken 
from an Ephemeris : if one have a Globe, it's Place 
may be nearly found on the wooden Horizon; if 
not, they may ſuppoſe the Sun enters each Sign 
on the tenth Day of the Month, and then count to 
the preſent time how much is gone ſince ; but they 
muſt be well R with the Signs, and know 
in what Month the Sun enters any Sign. Thus the 
fourteenth of March the Sun is in the fourth of 
Aries, Thus Students ought to know where 
the Sun is in the Ecliptic; for 'tis mean in a Man 
of Letters not to know ſo much, whilſt the Sea- 
ſons, and length of the Day and Night. depends 
on the Sun's Place, and ſeveral others . that 
are uſeful in Life, 
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C H A P. XXII. 


| of the Latitude of Places, and the Elevation 
of the Pole. 8 


PROPOSITION I 


The, Latitude A a Place, is it's pn, from 1 the 
. Equator. 


H L 8 Diſtance is dende by an Arch Pom 
the Place in the ſhorteſt way to the Equa- 
"2002 or an Arch of the Meridian of chat Nen 
from the Place to the Equator, . 

BUT the Latitude of the Earth is it's Ex- 
tenſion on the Superficies from one Pole to the 
other; and it's Longitude is it's Extenſion from 
the Weſt by the Eaſt to the Weſt again, which 
is the Equinoctial Line: but *tis better not to 
mind theſe Terms in Geography. 


PROPOSITION H. 


The Elevation of the Pole above the Horizon of a 
Place is an Arch of the Meridian; between either 
Pole and the Horizon, | 


I I may be ſaid, *tis an Arch of the Meridian 
on the Earth, or in the Heavens; but tis better re- 
ferred to the Earth, ſuppoſing the Earth. to cauſe 


0 Marg Motion; yet the Definition is referred by 


Aſtronomers 
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Aſtronomers to the Celeſtial ITC els and the 
imaginary Pole there. 


"PROPOSITION 1. wt N 


84 the Latitude of a Place on abe Globe in De- | 
grees and Minutes; if it be a large Globe; to find 
the Jams" Latitude i in Geographizat Maps. A 
K+; ix * 
ON the Globe : ' brivs the Place to the braſs Me- 
ridian, and count the Degrees from it to the Equa- 
tor, and it will be the Latitude ſought: 

IN Geographical Maps: if it be a right · lined 
one, draw a Line through the Place parallel to the 
Equator; and the ends of that Line on the eo 
gin ſhow the Latitude. 

BUT if it be with Lines, ind not any Line 
paſſing thro the Place, fix one Foot of the Com- 
paſs in the place, and the other in the Pole ef 
the Map; and deſcribe a parallel Circle, which 
will cut the Degree of Latitude on the Margin 
that incloſeth the Map, or on the Sides of it, if 
the other Parallels be deſcribed from the Pole, 
and at the ſame time you'll have it's Diſtance from 
the Pole. | 


PROPOSITION. IV. 


A Place being given on the gane pte of the Globe, 
how to place the Globe ſo as that the wooden n 
may be the Horizon of the Place. 6 
FIND the Latitude of the Place, 4 e 
the Pole according to it; and then bring the Place 
to the braſs. Meridian, and it will be at the Top 
of the Globe; and therefore the wooden Horiz iaon 
NY be ROY: Degrees | from it every Way. | 


PRO: 
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PROPOSITION v. 


The Latitude of a Place is equal to the Elevation of 
the Pole above the Horizon * has Place ; ; — 
is thus demonſtrated. | 


. E T C be the Center of the Earth, (Fig. 30.) 
and L the Place brought to the Top of the Globe 
or Zenith, and P the Pole, HP L Z will be the 
Meridian, H Z a Diameter of the Horizon, PH 
the Elevation of the Pole, and QT the Diameter 
of the Equator, where the Meridian and Equator 
cut one another; then P Q will be a Quadrant, 

or ninety Degrees, P being the Pole of the Equa- 
tor; and alſo L. H will be ninety Degrees, L be- 

ing the Pole of the Horizon; then L H is equal 

PQ, and L P being taken from both, what re- 

mains, PH, L Q. will be equal. 


COROLLARY 


T HE Latitude of the Place being given, there 
is known the Elevation of the Pole. 


PROPOSIE4ON. VI. 
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11 Having ihe Latitude of one Place, to find all the other 
| | 7 Places that have the ſame Latitude. 
| U ON the Globe: bring the Place to a Degree on 


the braſs Meridian, and placing a Pencil there, 
turn the Globe, and the Pencil will deſcribe a 
Circle paſſing thro* all the Places of the ſame 


* Z — - — 4 
A * e A AG] 
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| Latitude. 
| AND in the Ma : draw a Line thro? the 
4 Place given that ſhal BS parallel to the Equator, 
4 -and it wil go thro all the piace of the ſame re 
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tude. But if it be a curvilinear Map, deſcribe a 
Circle (whoſe Center is the Pole of the Map) that 
ſhall paſs thro* the Place given; and find, as be- 
fore, the ſeveral Places the Circle paſles through. 
But if not the Place, but the Latitude is given, 
extend the Compaſſes from the Pole to that Degree 
of Latitude on the Side of the Gras, 5. and ME 
* a Circle. e e 


PROPOSITION vir. 1 


1 


2 0 fad a Meridian Line on a given Plane. 


"Ft T HE R E are ſeveral ways he aofieth' is to 
als! a Magnetic Needle which will point North 
and South : but becauſe in many Places it declines 
from the North, as we ſhall ſhow, it will not do 
it accurately; but if the Declination of the Needle 
be known, as it is in the chief Places, it may be 
found accurately enough, drawing firſt the Meri- 
dian, which the Needle ſhows, and taking the De- 
grees of the Declination with the Compaſſes, ſet 
them to the Eaſt; if the Declination be weſtward ; 
and, vice verſ# ; then draw a Line from the Point 
they reach to the Tee; and it will be a ue 

Meridian. . 

THERE is no need of this Pains if you 6. 
a Mariner's Compaſs, wherein there is allowance 
made for all Declination in that Place for which 
tis made; for they that make the Inſtrument, put 
the Flower de Luce, which is the Sign of the North 
not juſt above the Needle; but ſo any Degrees 
from it as the Declination is. 

2. BUT the Meridian Line is found better by 
the Stars. Firſt, when the Sun ſhines, ſet up a 
Pin perpendicular to a Plane at twelve o' Clock, 
and the Shadow will ſhow the Meridian. But 

| becauſe 


N 
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becauſe the Hour is not exact ee 3 this 2 60 


is not perfectly true. 


3. SET a Pin 1 to a Plane in- the 


Forenoon, and mark the length of the Shadow; 
and in the Afternoon mark again, when the Sha- 
do is of the fame Length, and draw a Line to 
the two Extremities of the Shadow, and hiſect it 


8 a perpendicular Line; which will be a meridian 
ine. | 
4. I F the Latitude of the Place de known, 
and the Sun's Altitude be taken, the meridian 
Line may be found by the Globe, thus: Draw a 
Line firſt on a Plane, and make it the diameter of 
a Circle, and the Line in which the Sun ſeems to 
be ; then the Pole being elevated -according to the 


Latitude; and the Sun's Place in the Ecliptic 


marked; and a Quadrant applied to the Top of 
the Globe, with the Sun's Altitude on it marked; 


then move the Globe and Quadrant both, til 


the Sun's Place and Degrees on the Quadrant meet; 


then ſee how many Degrees on the wooden Ho- 


rizon between the braſs Meridian and the Qua- 


drant, and cut off ſo many on the Circle on the 
Plane, beginning at the end of the Diameter, ei- 


tler to the Eaft or Weſt, as the Obſervation, 
was made before or after Noon, and draw'a 


Line from the end of the Arch cut off, to the 


Center, and it will be a meridian Linie But 
it will be eaſier to obſerve the Line in which 


00 


the Sun is ſeen either when riſing or ſetting; and 


bringing the Sun's Place on the Globe to the 
wooden Horizon, ſee how many Degrees between 


it and the North or South, and turn the Line 


on the Plane ſo many Degrees avout, and it will 


T be a meridian Line, 
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PROPOSITION: VII. 


7 + Hats BY Glube * as the braſs Meridia 1 be 
in the Meridian Liu. . 


FP I N D a meridian Line on the Plane, ER 
the Globe, and turn it about ' till the braſs Me- 
ridian cn ot above it. But this is done eaſier, 
if there be a Mariner's Compaſs under it, Which 
ſhows the North and South Line. 

T H U S may Maps be placed alſo due North 
and ae of which there is uſe in W 


PROPOSITION: TX. 


To > fnd the Latitude of a Place by the Sun or Stars | 


T H O' the. Latitude is on the Earth, yet it 
cannot be found without the Sun or Stars. 

1. OBS E RV E how far the Sun is above the 
Horizon, or it's Diſtance from the Zenith at 
twelve o' Clock; then ſubſtract the Sun's Di- 
ſtance from the Equator from the Zenith Diſtance, 
if the Sun be on the South Side of the Equator; 
but add it if on the North Side; and you have 
the Latitude. The Sun's Diſtance from the E- 
quator, or the Declination, may be had from it's 
Place in the Ecliptic; or from Tables; or from 1 
the Globe, hringing the Place to the Sun under It 
the braſs Meridian, then counting how far it is 1 
from the Equator. | ti 

2. IF the Sun be riſing or ſetting you may 1 
find the Latitude by the Globe. Find the Point 1 
the Sun is then in, by the Sea-Compaſs, which $ 
Mariners eaſily do, and find alſo the ſame Point 
on the wooden Horizon; and having the 'Sun's ix 
Place in the Ecliptic, then raiſe the braſs Meri- x 
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dian in the North of the wooden Horizon, or 
depreſs it till the Sun's Place ſet or riſe on that 
ſame Point in the Horizon; and then ſee how 
much the Pole is elevated, ad it will be K. 


ttitude of the Place. 


Fa, This Method _— not do in the time 
of the Equinoxes, when the Sun is in the be- 
ginning of Aries or Libra ; for then the Sun ſets 
and riſes in all places in one point, 1 Weſt 

and Eaſt. 

"Wet rap. K E the Altitude of the Sun at — 
o Clock by the help of the Length of a Style 
ſet perpendicular, and of it's Shadow, by which 
may be found the Angle at the Termination of 
the Shadow in the Triangle (Fig. 3 1.) ABC, that 
is, the Angle BCA; for as AB is to AC, ſo is 
the Sine of o to the Tangent of the Angle ABC, 
the Sun's Altitude; from which may be found 
the Latitude of the Place, as in the firſt Method; 
and if the obſervation be made at the Equinox, 
then the Sun's Diſtance from che Zenith is the 
Latitude. 

THUS Pliny writes, Chap. Þxxii Lib. 2, that 
Rome was found in Latitude 41 degr. 25 min, and 
Carthage in Latitude 32 degr. 13 min. 

4. I N the Night-time, when the Stars are * 
if we take with an Inſtrument the Altitude of a 
Star in the Meridian, and know, from Tables, 
it's Declination; the Latitude may be found as 
if the Star were the Sun; as in the firſt Method: 
but if the Star be between the Pole and the Ho- 
rizon, and the Declination North, the Com- 
plement of the Declination is to be added to 
the firſt Altitude, and it gives the Latitude. 

IF the Star be between our Zenith, and the 
ſouth part of the Horizon; and the Declination 
North; add the 2 to the mie 2-7 
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of the Altitude, and it gives the Latitude, as in 
t 375 
* 5. IF the point in which the Star riſes or ſets 
be obſerved, the Latitude may be found by the 
celeſtial Globe as before; ſuppoſing the Star to 
be the Sun. | 

6. IF you have not a Table of the Declina- 
tion of the Stars, obſerve a Star that neither riſes 
nor ſets, i. e. a circumpolar Star, and obſerve it's 
Altitude at the higheſt and loweſt ; and take the 
half of the Difference, and add to the lefler, or 
ſubſtract from the greater, and you have the La- 
titude. | | 

7. T HE Altitude of the Pole-Star, will be the 
Latitude of the place, if taken when two Degrees 
ſeventeen Minutes from the North, eaſtward or 
weſtward; but if it be at the higheſt, ſubſtract 
two Degrees ſeventeen Minutes from it's Altitude ; 
if at the loweſt on the Meridian, add as much 
and you have the Latitude. | 


PROPOSITION X. 


Places in the Equator have no Latitude, both Poles 
being in their Horizon ; if at the Pole, the Place 
is ninety Degrees Latitude, and the Equator is then 
in the Horizon; and Places between the Pole and 
the Equator, bave a Latitude leſs than ninety. 


THESE are ſo pain as to need no Proof. 
PROPOSITION XI. 


1f we are at Sea, or Land, and find our Latitude, 
we may ſee on the Globe that Parallel of Latitude 


in which we are. 


THIS isalſo plain. ; 
F C 
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CHAP. XXIV. 


07 the Div: 95 of the Eerrb d ne Id 


be Heavenly Appearances i in ES Zones. 5 
= PROPOSTTTON 1: 


There ariſes from the annual or diurnal Metin o 
' the Earth, a diviſion of the Earth's W Rn in- 
io five Parts, which we call Zones. 5 

F OR ſeeing the Sun deſcribes by it's Motion 

a Line called the Ecliptic, which cuts the 

Equator in two oppoſite points, and makes a De- 
3 — 9 of twenty three Degrees thirty Minutes; it 
muſt be ſometimes nearer, and ſometimes further 
from the Equator; and thus changes the Seaſons 
cauſing Heat, Cold, Rain, Wind, in the Places 
it paſſes over. 

T H E Superficies of the Earth between the two 
Tropics i is called the Torrid Zone ; and thoſe be- 
tween the Poles and the polar Circles are the two 
Frigid Zones; and thoſe between the polar Circles 
and Tropics the two Temperate Zones, which make 
five Zones: that between the two Tropics, being 
bt one, is the Torrid Zone, 8 ah 


eee 
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PROPOSITION I. 


laces whoſe Latitude is leſs than twenty three 
Degrees thirty Minutes lie in the Torrid Zone, 
and if juſt twenty. three Degrees thirty Minutes, 
they are under the' Tropics, or at the end of the 
Torrid Zone, Thoſe that have a leſs Latitude 
Iban fixty fix Degrees thirty Minutes, and greater 
than twenty three Degrees thirty Minutes, are 
in the Temperate Zone. Thoſe that are in the 
Latitude fixty ſix Degrees thirty Minutes, are at the 
end of the Temperate Zone; and if in a greater 
Latitude, they are in the Frigid Zone. As in- 
Chap. 23. 


ALL this is manifeſt, 
PROPOSITION II. 


De Equator paſſes thro* the Iſle of St Thomas in 
the great Bay of Africa called the Ethiopic Sea; 
and thro* Ethiopia in the South Part of Africa 
thro the Indian Ocean; thro* the middle of Su- 
matra, or Taprobane, and the golden Cherſo- 
neſus, or Peninſula of Malacca, and other Iſlands 
in the Indian Ocean; and thro the Moluccas, 
thro* the Pacific Sea, and the beginning of the 
Province of Peru; thro" tbe Lake Parime; and 
thro* the Atlantic Ocean to the Iſle of St Thomas. 


T HE Equator divides the Torrid Zone into two 
equal Parts; which might be called two Torrid 
Zones, one North, the other South. 4 | 

I N the Torrid Zone lie, 1. a great Part of Africa, 
Abaſſia, the Indian Sea, a Part of Arabia, Cam- 
boia, India, and the Iſles of the Indian Sea, Java, 
Ceylon, Peru, Mexican- Spain, a great Part of the 

TE C Atlantic 
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Atlantic Ocean, the Iſle of S! Helena, Brazil, and 
New Guinea. 

T HE Tropic of Cancer paſſes a little 8 
Mount Atlas, in the weſtern Shore of Africa, 
thro* the Borders of Libya, and other Places in 
the middle of Africa, and thro* Syzne in Elbio- 
pia, and goes over the Red-Sea, and beyond Sinai 
and Mecca, the Mahometans Country, and Arabia 
the Happy, and then enters the Indian Sea, and 
touches the Bounds of Perſia, and goes thro* Cam- 
baya, India, Camboia, or the Bounds of the King- 
5 of Siam, till it comes to the Pacific Sea; 
and having paſſed that, below the American Cher- 
ſoneſus and California, it goes to the Kingdom 
of Mexico, and then to the Atlantic Ocean, and 
touches the Shores of the Iſle of Cuba, and then 
returns to the Weſt Shore of Africa. 

THE Tropic of Capricorn paſſes thro' but a 
few Places of the Earth; moſt part of it goes over 
the Sea; firſt, thro? the South Part, or the Tongue 
of Africa, Monomotapa, Madagaſcar, in the Indian 
Ocean, New Guinea, the Pacific Ocean, Peru, 
Brazil, and the Atlantic Ocean. 

I N the North Temperate Zone are many Places 
almoſt all known and inhabited, viz. all Europe, 
Ajia, (except the golden Cherſoneſus, and the Iſles 
in the Indian Sea) and a great part of North 4. 
merica, and of the Atlantic and Pacific Sea. 

IN the South Temperate Zone are few Places, 
and thoſe not all known, but chiefly there is Sea 
there, viz. a Part of South Africa, of Monomotapa, 
the Cape of Good. Hope, a great Part of the Ma- 
gellanic, or South Land, a Part of Brazil, Chili, MY © 
the Magellanic Streights, and a great Part of the 
Allantic, Indian, and Pacific Sea. 

THE arctic polar Circle paſſes almoſt thro' 
the middle of Iceland, the North Part of Nor 
way, thro' the North Oceaa, TINY, and the 
Ruſſia 
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Ruſſian Bay, Samoeids Country, Tartary, North A. 
merica, and Greenland. | e 
T HE polar antarctic Circle paſſes thro* the 
South, or Magellanic Land, of which we know 
nothing. | 
IN the North Frigid Zone are one half of Ice- 
land, the North Part of Norway and Lapland, 
Finmarc, Samoeida, Nova Zembla, Greenland, S pitz- 
| berg, and ſome northern Parts of America un- 
known. | 
IN the South Frigid Zone there is either Land 
or Sea, but we know not which. Theſe are all 
ſhown by the Globe or Maps, and are proved 
by the Tables of Latitude made by Obſervations. 


The Places under the Tropics have only the Sun once 
a Year in their Zenith, and thoſe in the Tor- 
rid Zone twice in the Year, or two Days equally 
diſtant from the longeſt Day; but thoſe beyond the 
Tropics, and without the Torrid Zone, bave never 
the Sun in their Zenith, | 


FOR the Sun, being in the firſt Degree of 
Cancer, goes thro* the Tropic of Cancer in the 
4. Heavens, under which the ſame Tropic on the 
| Earth lies; and therefore the Sun goes over them, 
and the ſame Way as to the Tropic of Capricorn; 
as will appear in the Globes and Maps. 

BUT in the Torrid Zone the Sun comes twice 
over them in a Year, Bring any Place there 
to the braſs Meridian, and applying a Pencil, 
deſcribe a Circle parallel to the Equator z which 
will cut the Ecliptic in two Points equally di- 
ſtant from the Tropics, and the Sun in theſe two 
Points will then be vertical to the given Place at 
Mid-day, and on no other Days. oh, 
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AND laſtly, it can never be vertical to the 
Places in the Temperate Zone, becauſe no parallel 
deſcribed by the Sun goes over theſe Places; and 
ſo it is as to the Frigid Zones. | 


PROPOSITION V. 


The Sun doth not ſet nor riſe for ſome Days to thoſe 
in the Frigid Zones; and the more thoſe Days are, 
the nearcr the Place is to the Pole; ſo that at the 
Pole it ſets not for half a Tear, and riſes not all 
that time and thoſe in the very arctic and ant- 
arctic Circles have one Day wherein the Sun ſets 
not, and another wherein it riſes not; but at other 
times it riſes and ſets. 


TAKE a Place in the Frigid Zone, and ele- 
vate the Pole according to it's Latitude, and ap- 
plying a Piece of Chalk, or a Pencil, to the 
North of the Horizon; that is, next the Pole; de- 
ſcribe therewith a Parallel, by turning the Globe 
round, which will cut the Ecliptic in two Points, 
into which, and the intermediate Points, when the 
Sun comes it ſets not: for all the Parallels thro 
theſe Points keep above the Horizon in the Ro- 
tation of the Globe. And if applied tothe oppoſite 
"Notch, and a parallel Circle be deſcribed, it will 
paſs thro* two Points of the Ecliptic ; into which 
and the intermediate Point, when the Sun comes it 
riſes not above the Horizon; but it will be other- 
wiſe if the Place be taken in the other Frigid 
Zone. And ſo as to thoſe Places in the arctic and 
antarctic Circles, if the Globe be elevated to ſix- 
ty ſix Degrees thirty Minutes, and the Globe re- 
volved, the firſt of Cancer well then juſt touch 
the Horizon, and not ſet; and ſo will the firſt 
of Capricorn without riſing above it; but in the 
other Degrees of the Ecliptic it will ſet and riſe. 

WE 1 PRO P O- 


J.. 


A 


| rizon, or by the Method Chap. 22. 
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PROPOSITION VI 
The Sun riſes and ſets every Day to all Places in the 
Temperate and Torrid Zones. 


TAKE any Place in theſe Zones, and elevate 
the Pole to it's Latitude, ſo as the wooden Hori- 
zon may be the Horizon of that Place; then turn- 
ing the Globe, you'll ſee all the Points of the 
Ecliptic riſe and ſet: and ſo muſt the Sun in theſe 
Points. 9 12 


PROPOSITION VIL 


Having a Place in the Torrid Zone, to find the two 
Days in which the Sun is vertical to it. 


BRING the Place to the braſs Meridian, and 
obſerve the Degree of it's Latitude, and turn the 
Globe *till you find the Ecliptic paſs under that De- 
gree in two Places, into which when the Sun comes 
it will be vertical to that Place; then find what 
time, or Day, of the Year the Sun comes to theſe 
two Points, from Tables, or from the wooden Ho- 

'TIS alſo plain in the Univerſal Maps; for 
drawing a Line thro? the Place, parallel to the E- 
quator, it will cut the Ecliptic in two places alſo; 


from which the two Days may be known. 


BUT, without Globes and Maps, you may find 
the Latitude of the Place, in Degrees, and look in 
the Table of Declination for the ſame Number of 


| Degrees of Declination, and you'll have the two 


Days anſwering thereto, 2 
Note. The Sun's Center, which is ſixteen De- 


| grees from it's Circumference, will be a few Days 
ſooner, or later, vertical to the Place, than the Cir- 


C- 3 cumference, 
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cumference, in it's North or South Point at Mid- 
day. | 


PROPOSITION VIII. 


A Place being given in the Frigid Zone, to determine 
the Days in which the Sun doth not ſet there, nor 


riſe and when thoſe Days begin and end, 


ON the Globe. Let the Place be brought to 
the Meridian, and the Pole elevated to it's La- 
titude 3 then, turning the Globe round, obſerve 
the two Points in the Ecliptic which do not ſet, or 
go under the Horizon ; the firſt, that is next to 
Aries, ſhows the firſt Day of it's not ſetting, and 
that next Libra the Day when it begins to riſe, and 
the two Days in which the Sun 1s in thoſe Points 
the Sun will only touch the Horizon, and it's Cen- 
ter will be a little above it; and thus the Days are 
found in which the Sun will be under the Horizon 
in the oppoſite Part of the Year. 

T H1S may be done eaſier by the Globe, tho? 
the reaſon of it is not ſo obvious. Find the Comple- 
ment of the Latitude of the Place, and count ſo 
many Degrees from the Equator, and mark what 
Points of the Ecliptic come under that Degree on 
the Meridian, and they will be found to be two 
points into which, or the intermediate Point, 
when the Sun comes, it will not ſet: and fo you 
have an Arch, at the South, which ſhows how long 
tis under the Horizon. rr 

AFTER the fame in the Maps; draw a Line 
thro? the Degree, that is as far from the Equator 
as the Place is from the Pole, and you'll ſee what 
Point it cuts in the Ecliptic; in and between which 
when the Sun comes it doth not ſet: and in the 
Sbuth part you ſee how long *tis under the Ho- 
rizon. 8 

2 Eh © 
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I F the Latitude of the Place be known, find 
the ſame Degree and Minute in the Table of 
Declination, and againſt it you'll have the Day 
in which it begins and ends the not ſetting; and 
other two Days that have the ſame South Declina- 
tion in which it begins and ends the not rifing ; 
the firſt will be between the twenty firſt of June 
and the firſt of March; the other between the 
twenty firſt of June and the twenty firſt of Sep- 
tember; and one of the laſt between the twen- 
ty firſt of September and twenty firſt of December; 
the other between that, and the twenty firſt of 
March. | e * 
THIS is to be underſtood of the Sun's Center 
which is ſixteen Minutes above and below the 
Limb. | 


PROPOSITION..IX, 


Having the Day of the Year, to find thoſe Places in 
which the Sun will then be vertical. 


FROM the given Day, find the Sun's Place 
in the Ecliptic as in Chap. 22. 5 

BRING the Sun's Place in the Ecliptic under 
the Meridian, and mark the Degeee above it; and 
turning the Globe, obſerve all the Places that paſs 
under that Degree wil] have the Sun vertical one 
after another: and in the Maps find the Sun's 
Place in the Ecliptic, and draw a Line parallel 
to the Equator, either ſtraight or curve, as the Map 
is, and all the Places it paſſes over are thoſe 
foune, NO UROL 200 FEI x 

B Y the Table of Declination find the Degree 
of Latitude of thoſe Places, or, which is the ſame 
the Degree of Declination that Day; which being 
found, you'll have the Places by drawing a Lire 


thro? thoſe Degrees. | 
"I" Jay © | C 4 PROPQ. 
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PROPOSITION K. 


Having the Day of the Year, to find. thoſe: Plates in 
2which the Sun begins then not to ſet and not to We 


T HE given Day muſt be "Eh 6 the tay 
firſt of March and twenty firſt of June, or twen- 
ty firſt of September and twenty firſt of December. 

FIN D firſt the Sun's Place for that Day, which 
bring to the Meridian; and as many Degrees as are 
between it and the Equator, count ſo many from 
the Pole towards the Equator ; and draw a pa- 
rallel Circle at that Diſtance from the Pole: all 
the Places within it will ſhow the firſt, i. e. the 
Sun's not ſetting there ; and the like being drawn 
as near the other Pole, will include the Places 
where it does not riſe; and the Places under the 
two Parallels ſhow where theſe two Changes be- 
gin. Then, 

T O ſhow the Truth of it; ; elevate the Pole 
according to the Latitude of any of the Places; 
and it will appear when the Sun's Place in the 
Ecliptic begins not to ſet ; and how long i it con- 
tinues ſo; and when it begins not to riſe in the 
South Part. The ſame may be done by the Maps, 
taking the Declination of the Sun, Which will 
reach from the Pole to the Parallel in which the 
Sun begins not to ſet: and ſo likewiſe at the 
South. 

AND by the Table of a you have 
the Latitude of the Places ſought for. 


PROPOSITION * 


Fg calculate the Breadth and Quantity of each Zong 
in Miles, or any known Meaſure, 


THE 
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TH E Breadth of the Torrid Zone is 47 Degr. 
i. e. 23 Degr. 30 Min. on each ſide of the Equator. - 
The Breadth of each Temperate Zone is 86 Degr.. 
and of both Frigid Zones 27 Degr. which Degrees, 
if turned to Miles, counting each Degree 15 Ger- | 
man Miles, the Breadth of the Torrid Zone will be 1 
705 Miles. And one of the Temperate 645, and AF 
one of Frigid 332 1. And the Superficies of each 
is known by this Proportion from Geometry; as 
the Sine of go Degr. 1000000 is to the Sine of 23 
Degr. 30 Min, viz; 39875; ſo is half the Super- 
ficies of the Earth found in Chap. 4. to be 4639090 
ſquare Miles to the Superficies of half the Torrid 
Zone, i. e. 1849837 ſquare Miles; and therefore 
the Superficies of the whole Torrid Zone is 3699674 
Miles. TINS: 7 Se > 1 
THEN as the whole Sine 100000 to the Dif- 
ference of the Sines of 23 Degr. 30 Min. and 66 
Degr. 30 Min. 5183 13 ſo is the half Superficies of 
the Earth, or 4639090 ſquare Miles, to the Superfi- 
cies of one of the Temperate Zones 2404487 ſquare 
Miles. If therefore you ſubſtract the Superficies of 
half the Torrid Zone, and that of the Tempergte 
Zone, from half the Superficies of the Earth, there 
remains the Superficies of one of the Frigid Zones 
384766 ſquare Miles. Some Aſtronomers are of 
Opinion, that the Declination of the Ecliptic is not 
always the ſame ; and therefore the Bigneſs of the 
Zones is not always the ſame ; but the Difference is 
ſmall : and Tycho doubted if there was any. We 
need not mind it here. x 
WE might have treated of the different Seaſons 
in different Places; but becauſe there are ſome 
things in the following Chapter that will help us to 
make a better Judgment thereof, I thought it beſt 
9 m 
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CHAP. xxv. 


Of the Lengt h of the Day in dj ferent Places of 
the Bark and the Div :fion of the Earth in- 
to Climates, which ari e from thence. 


PROPO SITIO N I. 


The Day and Nights are of the ſame Length twice 
in ihe Tear i in all Places. 


HESE Days are when the Sun is in the E- 
quator, i. e. in the firſt of Aries and Libra, 


en the twenty firſt of March, and twenty firſt of 


September, according to the Gregorian Calendar; 


which Days have twelve Hours Day, and twelve 
Hours Night, in all Places, counting the time the 
Fun is above the Horizon for a Day. | 


TAKE any Place on the Globe, and elevate 


it according to its Latitude, or bring the Place to 
the Zenith ; then bring the Sun's Place to the Ho- 
rizon in the Eaſt, and the Index of the horary Cir- 
cle to twelve, and turn the Globe; you will find 
it will deſcribe twelve Hours, while the Sun's Place 
is going to the Horizon in the Welt : it appears 
farther from the Horizon's cutting the Equator in- 
to two equal Parts. We might ſhow it the ſame 
way, whatever Place of the Earth be chofen. And 
the two Poles do thoſe two Days neither rife nor 


. ſet, and they have there Night and Day at once; 


in other Places it turns from Day to Night in an 
Inſtant, but there they laſt together for a whole 


Revolution; the one half of the Sun being _ 
„ »M 
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and the other below the Horizon. On the twenty 
firſt of March begins a Day of fix Months, and on 
the twenty firſt of September a Night as long; and 
we may ſay, *tis both Day and Night for twelve 
Hours at the Pole. There are other things 927 7 
liar to that Place. 

1. T HE Sun only riſes and ſets there once in a 

Year, it riſes the twenty firſt of March, and ſets 
| the "_—_ firſt of September. 
2. THEY have no Mid-day and Mid-night 
at a 2 — Time; their Mid- day being at all Times 
for ſix Months, and the ous ſix tis always M id- 
night. 

55 NO fix'd Stars riſe, * none ſet, but ſome 
are always under, others always above; the former 
of which being never ſeen by the Inhabitants, if 
any there, which is not likely; the latter always 
ſeen for ſix Months if the Weather be clear when 
the Sun is under the Horizon. 

4. THE Stars and the Sun keep almoſt the 
45 Altitude all Day. 

3. NO Wind can be called there, ee 
they being all from the South; and in the other, 
the South Pole, they are all northerly. 

6. IF the Sun and Stars move not according to 
Copernicus, but the Earth, and the Eye be a Point 
placed in the Pole, all the Stars, and the Sun and 
Moon, would _m_ immoveable in the ſame 
Place. 


PROPOSITION Il. 


In Platei under the Equator the Days and Nights are 

always equal; and at the Poles there is but one 
Day and Night in the Year ; tho“ the Day at the 
Norib Poke i 7s longer 2 at the South Pole. 


TAKE 
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TAKE any Place on the Globe under the E- 
quator, and any Day of the Year, and mark the 
Sun's Place that Day, and bring the Place to the 
Zenith, the. Poles being in the Horizon; and it 
will appear, that that Place, in a Revolution of the 
Globe, will be as long above as under the Hori- 
zon, ſuppoſing it's apparent Motion equal, as in- 
deed it is. And as to the other Part of the Pro. 
poſition ; bring the Pole to the Zenith, the one 
half of the Ecliptic will be above, the other below 
the Horizon, but the Sun will be longer above 
than below, for it really moves in an Elliꝑſis whoſe 
Focus is out of it's Center; or the Earth does fo, 
which makes the ſame Appearance: there are one 


hundred eighty ſeven Days it continues above, and 


one hundred ſeventy eight below; which makes 
oy "me about nine Days longer than 4% N _ 


PROPOSITION. III. 


S 


There are no Days equal except two in the FR be- 


tween the Equator and the Pole. 


"TAKE Dy. Place, and. elevate. the Pole ac- 


cording to it's Latitude, and taking any Day, ex- 


cept thoſe two of the Equinoxes, and mark the 
Sun's Place in the Ecliptic for that Day; turn the 
Globe and you will ſee the Mark will be longer 
above than below the Horizon, if the Day be be- 
tween the twenty firſt of March, and twenty firſt 
of September; but. if not, it ill be longer below 
the Horizon : and the Difference will be the great- 
er, the further the Sun is from the Equator. 
OR bringing the Sun's Place to the Eaſt Hori- 
zon, and the Hour Hand to twelve, you will ſee, 
in turning the Globe, the Hours of the Day till 
the Sun ſet in the Weſt; and it's continuance un- 


der the Horizon. 
l P R Q- 
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PROPOSITION IV. 


4 Place being given, and it's Latitude,” to fd 1 the 
© Length of the Day at any Time.” ; 


5 1 ND the Sun's Place at that time in the E. 
cliptic, and elevate the Pole to the Latitude of the 
Place, bring the Sun's Place to the Eaſt Horizon, 
and the Hour Hand to twelve ; you will ſee how 
many Hours the Sun's Place will take to come to 
the Weſt Horizon; and ſubſtract them from twen- 
ty four, and you have the Length of the Day. 


PROPOSITION V. 


In all Places between the Equator and North Pole, 
the Day is longeſt when the Sun is in Cancer, and 
ſhorteſt when in Capricorn ; but in thoſe Places be- 
tween the Equator, and the South Pole the contrary 
happens; that is, when the Sun is in Cancer, the 
Days are Horieſt, and when in Capricorn longeſt. 


TAKE a Place at Pleaſure, and eleyate the 
Pole according to it's Latitude ; find, by the pre- 


& ceding Propoſition, the Number of Hours in the 


Day, when the Sun is in the firſt of Cancer; and 
find alſo the Number of Hours for another Part of 
the Ecliptic, which will- be found leſs, whatever 
other Part of the Ecliptic be taken. 

T HE fame way it may be ſhown, that the Day 
is ſhorteſt when the Sun is in the firſt of Capricorn. 
And the ſame Method may be taken when the Sun 
is on the other Side of the Equator, 


COROL- 
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COROLLARY. 


A Place being given, or it's Latitude, to find 
the Length of the longeſt Day: find, as before, 
the firſt of Cancer, and find the Hours it continues 
above the Horizon, by the preceding Propoſition, 


PROPOSITION VI. 


The Days increaſe continually in the northern Places 
while the Sun moves from the firſt of Capricorn 10 
the firſt of Cancer, 1. e. from the twenty firſt of 
December, o the twenty firſt of June; but the 
contrary way in South Places, 1. e. when it moves 
from Cancer 10 Capricorn, or from the twenty 


firſt of June, to the twenty firſt of December. 


TAKE. any Place on the North Side of the 
Equator, and elevate the Pole for that Latitude ; 
and take two or more Places in the Ecliptic, and 
you will find that which is neareſt the firſt of Can- 
cer keeps longeſt above the Equator : and the ſame 
will happen as to thoſe Places on the South Side of 
the Equator ; if the South Pole were elevated to the 
Latitude, thoſe Degrees neareſt the firſt of Capri- 
corn would be longer above the Horizon. 


PROPOSITION VI. 


Tf one Place be further from the Equator than another, 
the difference of the longeſt and ſhorteſt Day, and 
between Day and Night, will be greater there; ſo 
as that the Places near the Equator have the longeſt 
and ſhorteſt Day, and Days and Nights but little 
different. They at the North Tropic have only 
two hours Difference between the longeſt and ſhort- 
eſt Day; and their Days and Nights nearly equal. 

THIS 
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THIS will eaſily appear by taking two Places, 
one more northerly than the other, and finding the 
Length of the Day, at two Times of the Year ; for 

one Place, and for the ſame Times in the other 

Place; and alſo the Difference of the Day and Night 

at that time, and you will find the Difference greateſt 
in the Place of greater Latitude, both as to the Day 
ang Night, and the longeſt and ſhorteſt Day. 


PROPOSITION VIII. 


Al the Places in the ſame Parallel have all their Days 
equal, and therefore tbeir longeſs Day equal. 


FIRST elevate the Pole according to the La- 
titude of any Parallel; then take two Places in 
that Parallel, and bring the one to the Meridian, 
and obſerve how much of it is below, and how much 
under the Horizon; then bring the other to the 
Meridian, and obſerve the ſame, and you will find 
the Difference the ſame in both. This might be 
alſo ſhown by the horary Circle. 

FROM theſe Things may be eaſily underſtood 
the Diviſion of the Earth into Climates. 

A Climate is the Space included by two Paral- 
lels, between the Pole and the Equator, into which 
when the Sun comes, there is the Difference of half 
an Hour, as to the Length of the Day; in which 
we may obſerve the beginning of Climate in the 
Parallel neareft the Equator, and the middle when 
the Day becomes a Quarter longer, and the end in 
the Parallel from the Equator, which is the begin- 
ning of the next Climate. 


PROPOSITION IX. 


If we take ſeveral Places, whoſe Parallels are equally 
diſtant, their longeſt Days will not exceed one ano- 
ther 


e e e 
ther equally ; the Difference being greateſt where 


they are moſt diſtant from the Equator. 


TAK E firſt one Parallel, and raiſe the Pole to 
that Latitude, and obſerve the Continuance of the 
firſt of Cancer above the Horizon; then raiſe the 
Pole to the Latitude of another Parallel that is ten 
Degrees from it, and ohſerve the Continuance above 
the Horizon there, and ſo for another thirty De- 
grees, and forty Degrees; the Continuance of the 
firſt of Cancer above the Horizon, will not exceed 
one another equally. | ; | 

AND what 1s faid of the longeſt Day, or the 
firſt of Cancer, will hold as to any other Day or 
Degree of the Ecliptic. 


PROPOSITION X. 


If in ſeveral Parallels the longeſt Days exceed one ano- 
ther equally, theſe Parallels will not be equidiſtant ; 
and thoſe further from the Equator will be nearer 
toget her. 


T HIS may be ſhown by the former; for if 
they were equidiſtant, the Days would not equally 
exceed one another as is ſuppoſed. 


PROPOSITION XI. 


Having the Length of the longeſt Day in any Place, 
to find the Latitude of that Place. 


BRING the firſt of Cancer to the Meridian, 
and the Index to twelve, and turning the Globe 
*till the Index point to the Hour, as far diſtant from 
twelve as the Day is long ; and mark the Point of 
the Tropic under the Meridian, then bring the firſt 
of Cancer to the Eaſt Horizon, and Go" * 


CHar.25. of Univerſal Geography. 361 
Globe till you mark the Tropic in the Weſt Side 
of the Horizon, and the firſt of Cancer in the 
Faſt Side, and the Degrees of Elevation ſhow 
the Latitude. 

THIS Propoſition may be made more genes 
ral thus; having the Length of the Day in any 
Place, to find it's Latitude. This may be ſolved 
the ſame way; only for the Tropic take a Parallel 
that goes thro the Sun's Place that Day. 


COROLLARY. 


THE Latitude of the Parallels of each Cli- 
mate may be thus eaſily found ; for Example, in 
the end of the firſt Climate, the Length of the 
Day is twelve Hours and a half, and of the ſecond 


| thirteen Hours, &c. 
PROPOSITION XII. 


Having any Number of Days leſs than half a year ; 10 
find the Latitude of that Parallel where the Sun 
ſhines ſo long to them, and where *tis hid from them 


ſo long. 


TAKE half the Number of Days, and count ſo 
many Degrees from the firſt of Cancer on the Eclip- 
tic, and mark where they end, and count from the 

Mark to the Pole, and you have the Latitude of 

chat Place where the Days and Nights wall be of 

ſuch a Number of Days. 

FOR if you raiſe the Globe to th Latitude 

found, you will ſee that Point in the Ecliptic, dip 

lat the North Part of the Horizon and all the 

Points between that and Cancer, and as far beyond 

Wit, will keep above the Horizon; and ſo the Sun 

In them doth not ſer, 
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COROLLARY. 


THUS e tis eaſy to find the Latitude, of the Cli- 
mates in the Frigid Zones, where the longeſt Day in- 
creaſes by ſome Days. 


PROPOSITION XII. 


To make a Table of Climates. 


THAT is, to find the Latitude, and the long- 
eſt Day at the beginning, middle, and end, of each 
Climate ; and the diſtance of the Parallels. Firſt 
add ſtill to twelve a Quarter of an Hour ; and you 
have the increaſe of-the Day for that Climate ; then 
from that Length of Day find the Latitude by 
Prop. 11. and, for the Diſtance of the Parallels, 
ſubſtract the Latitude at the end of the one Paral- 
lel, from that at the end of the next, more norther- 
ly. The ſame way the middle of the Climate is 
found by adding a Quarter to twelve ; and find the 
Latitude for that by Prop. 11. We here add a 
Table of Climates and Parallels. 


A Table of Climates and Parallels, 


| Climatei Parallel, Longeſt Day Taiuuq Inter va. 
=, Hours Min. in. Degr. Min. 
| [Begin, | 12 O 
I Middle | 12 I5 4 15 (4 15 
1123 
Middle 12 7: 112 30 8 
End 8 | 
2 Middle | 13 15 20 415 
F 
| Middle | 13 45 | 7 | 
+ * ad {as © 20 6 30 
Se; 5 Ks .  Clmatt 
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Cmate Parallel L Day Latitude |Interval 
[Hours Min Degr. Min, © 
Middle | 14 15 | 33 40 | 
5 End 14 3036 28 6 8 
fr 45 f 39 12 © | 
_ſEnd ſis oſ4_22þ 54 
[Middle [75 15 | 43 32] | 
—— — 15 3045 29 4 7 
ales 45 7 - 207i. 1 
? [End 1 „ 4 16 32] 
Middle | 16 15 | 50 533 
* [End [16 39.0 5B 57 
"© [Middle 18 43 [53 m7 | 
End 17 o | 54 27 2 29 
1 Middle | 17 15 55 34 
6: -} 27: 2& [60 | 27-46 8 
Middle | 17 I 57 -q24- : 
RES: 18 of 58 oF 
12 [Middle| 18 15 59 14 
3 End 18 3039 38 . 
14 [Middleſ18 45 60 40 
2 End 19 3 
„ [Middle|19 15 f 55 
1225 End 0 20 62 25 F 
{Middle 19 45 62 34 
=_ End 20 109 a - 
„Middle 20 15| 63 40 
| 5 End 20 30.64 © 1 
Middle 20 45 | 64 30 
by End 21 64 4. 
e [Middle 21 13 5 5 | 
_ Lied | 2 0% 6% 225þs 1c 
Middle 21 45 [65 35 | 
20 End 22 0 65 Pi 
D 2 Climales 
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[Climated Parallel. Longeſt Day Latitude Interval 

LE Hours Min. Degr. Min © 

>; Middle 22 1565 57 

I End | 22 30 66 6 

7 IMiddie 22 45 66 77 | 
End 23 O 

„ Middle 23 15 66 25 


23 [End 23 go | 66 28 
Middle | 23 45 | 66 30 | | 
24 End „„ 


THEY uſe not to carry the Table further; 
for, in the Places following, the longeſt Day in- 
creaſes not by Hours, but by whole Days; and 
the following Canon will ſhew the Latitude where 


it increaſes even by Months. 


Mont bs 4 | 5 6 


b. 1 
78 200 84 


Latitude\67 30069 30[73 20 
PROPOSSTAON ATV. 


To explain the Method of other Geographers in enune- 
rating the Climates, and making the Table, 


go| 


THE antient Geographers, eſpecially the 
Greeks, thought there was but a ſmall Portion 
of the Earth inhabited; thinking the northern 


Places, and Torrid Zone, could not be inhabi- 


ted; and therefore they divided only the Part they 
knew into Climates, and counted only fix of them 


from the Equator to the Arctic Pole, which they 


named from ſome remarkable Place in their 


THE 
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I H E firſt was thro' the Iſle of Meroe, in Africa, 
or the City ſo called, which is ſurrounded with 


the Nile. 2 
T HE ſecond thro? Syene, a City in Egypt. 


THE third thro? Alexandria, a Sea-Port in 


Egypt. 

THE fourth thro* the Iſland Rhodes, in the 
Mediterranean, 

THE fifth thro* the Helleſpont, others thro? 
Rome. 


THE ſixth thro? Ba Boryſthenes, a famous Ri- 
ver in European Sarmatia. 

THE ſeventh thro' the Riphzan Mountains 
of Sarmatia. 

THEY did not count any Climates to the 
South, which was unknown, and which many 
thought was all Sea; but others after them think- 
ing that unlikely ; they did alſo count Climates 
on the other Side of the Equator ; not frofn re- 
markable Places, for they knew none there ; but 


called them, as the North Climates are, with the 
Propoſition Anii before them; as the Climates a- 


gainſt Meroe, or Syene, Ofc. 

AND when they underſtood that more Parts 
were inhabited, they made more Climates ; ſome 
named the eighth-Climate from the Lake of Meotis, 
the ninth from the Baltic Sea, Sc. which Names tho? 
they are not neceſſary in the Conſtruction of the 
Table; yet may be added to our Table where 
we place the Number of Climates ; thus we ſhall 
better remember the Climates, and the Places in 
each Climate, and may compare the Degrees of 
Heat and Cold in them : which we chuſe rather 
to leave to the Induſtry of the Readers, that they 
may be the better acquainted with the Globe, 

MOREOVER, they did not begin at the 
Equator as we do, but at the Place where the 
longeſt Day i is twelve Hours three Quarters, and 
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| | ſo their firſt is the ſecond in ours, and their ſecond 
i! our third; for they reckoned that the Places un- 
der nine Degrees of Latitude could not be inha- 
bited for the Heat there; but the contrary being 
found, we could not aſſent to their Method. Pto- 
lemy begins the firſt Climate where the longeſt 
Day is twelve Hours and a Quarter, or the Lati- 
tude ur Degrees fifteen Minutes, *Tis no great 
Matter, yet *tis better to begin at the Equator, 
that all Places may be in ſome Climate. 


PROPOSITION XV. 
To ſhow the Uſe of the Table of Climates. 


1. HAVING the Latitude of a Place, to 
know it's longeſt Day, and it's Climates. Find the 
Latitude in the Table, and over againſt it you have 
the longeſt Day, the Climate, and Parallel ; if the 
Latitude 1s not in the Table, take the next a- 
bove, and below it. Lo 

2. HAVING the Length of the longeſt Day 
in any place, to know the Latitude and Climate 
in that place. Find the longeſt Day, and againſt 
it you have both. 

3. HAVING the Climate, to find the longeſt 
Day. This 1s eaſily found in the Table. 


CHAP, 
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C MH. A.P:.- XXVIL 


Of Light, Heat, Cold, and Rain in the different 
Zones, andother Properties belong to the ſeveral 
Lones. | EH | 


PROPO8 1510: h 


The Cauſes that moſt contribute to make Light, Heat, 

Cold, Rain, and other Meteors, and to preſerve 

them in ſeveral Zones, and the neighbouring Places, 
are : 


I, HE greater or leſs Obliquity, or Perpen- 

dicularity of the Rays that come on the 
Place. The laſt of which make the greateſt Heat, 
and the other two make more or leſs Heat in pro- 
portion to their Obliquity. 

2. THE, Continuance of the Sun above the 
Horizon of the Place. 1 

3. THE greater or leſs Depreſſion of the Sun 
under the Horizon in the Night; which cauſes 
more or leſs Light, Heat, Rain, thick Clouds, 
Sc. From this comes more or leſs Twilight. 

4. T HE Continuance of the Moon, for more 
or leſs time above or; under the Horizon; and it's 
greater or leſs Elevation above it, or Depreſſion 
under it. : 

5. THE ſame may be ſaid of the fixed Stars, 
eſpecially the more remarkable; and of the five 
Planets, Saturn, Jupiter, Mars, Venus, Mercury; 
for they all cauſe ſome ſmall Light and Heat in the 
| D 4 Air, 
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Air, and change the Air various ways, and excite 
Vapours in it, as Aſtrologers tell us. 

6. THE Kinds of the Earth that are in ſeveral 
Places; for where the Earth is rocky or ſtony, 
there the Air is for the moſt part colder than 
where *cis fat and ſulphureous, and not ſo fertile; 
or where there is much Sand and no Rivers there 
is much Heat and Drought. 

7. ADJA CENT Seas or Lakes; from thence 
come a great many moiſt Vapours into the Air; 
and the Rays are not fo ſtrongly reflected from the 
Sea as from the Land. 

8. TH E Situation of Places; for the Sun influ- 
ences the Mountains and Vallies differently, and 
the Rays are kept from the Plains oftentimes by 
the Mountains, which do alſo in ſome manner 
draw the Vapours to them, as we ſaid, Chap. 20. 
Whence 'tis the Mountains change the Seaſons of 
the neighbouring Places; cauſing Heat, Rain, &c. 
which would not be if the Mountains were not 
there. 

9. THE Winds, eſpecially the general and 
ftated ones; thus the ſtated eaſterly Winds tem- 

er the Heat of the Dog-Days, and the general 
Wind; in the Torrid Zone, eſpecially the Eaſt Winds 
in Braſil cauſe a moderate Heat there: whilſt there 
is a vehement Heat in the Weſt of Africa; for in 
theſe Places the general Wind is not ſo ſenſible. 
The North Winds are cold and dry. The South 
Winds are hot and moiſt with us. | 

10. T HE Clouds and Rain leſſen the Light 
and Heat. 

THESE are, I ſuppoſe, all the Cauſes of the 
Changes that happen as to Light, Heat, c. ei- 
ther in the ſame, or different Places, at different, 
or the ſame times. | 


2 | PRO- 
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PROPOSITION IL 


How the Seaſons of the Year, as Spring, Summer, 
Autumn, and Winter are to be defined. 


ALTHO? we are not, in treating of the Sci- 
ences, to diſpute about the Definitions of Things 3 
yet, becauſe the Signification of ſome Words is 
dubious; we muſt explain them here, to avoid 
Confuſion, and that Students may not be entan- 
gled and deceived with different Meanings. 

THE Queſtion includes two Difficulties 3 1. 
Whether the Seaſons are determined by the Sun's 
Entrance into, and continuing in, certain Signs of 
the Ecliptic, as Aſtronomers generally ſuppoſe, 
calling it Spring when the Sun enters' the firſt of 
Aries, which continues *till it enters the firſt of 
Cancer, and making it Summer 'till the Sun moves 
from that to the firſt of Libra; and Autumn : till it 
come to the firſt of Capricorn; and Winter till it 
come to the firſt of Aries again. 2.5 

*T IS evident that theſe Definitions are not true 
in all Places, but only in thoſe to the North of the 
Equator; for in the South Places they have Spring 
while the Sun is between the firſt of Libra, and the 
firſt of Capricorn, and Summer from that to the 
firſt of Aries; and ſo on the contrary to the former: 
and one may think the Seaſons cannot be explain- 
_ ed ina Senſe agreeable to all Places, and yet they 
may, and ought to be. Moreover, the Definitions 


above do not agree to Places in the Torrid Zone; 
for when the Sun paſſes over them it muſt be al- 


lowed to be Summer there (except ſome other 
Cauſe alter it); with reſpect to the Heavens, and 


in Places on the Equator, it ought not to be either | 


Spring or Autumn when the Sun is paſt the firſt 
of Aries, but Summer, for then the Sun is paſſing 
| over 
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over them, and ſo making the greateſt Heat to 
them : nor can that Summer be transferred to the 
firſt of Cancer or Capricorn, And the ſame may be 
ſaid of Places between the Equator and Tropics, 
becauſe the Sun paſſes over them alſo before it 
comes to the firit of Cancer or Capricorn, and ſo 
makes Summer firſt. For it muſt be known, that 
tho* Definitions are arbitary, yet all agree in 
making the Summer to be cauſed by Heat, and 
the Winter by Cold, or leſs Heat; and Definitions 
muſt be ſo framed, as to agree in part with theſe 
Notions, or not to be repugnant to them; and there 
is the ſame Difficulty as to Spring and Autumn in 
the Torrid Zone; whilſt there ſeems to be none at 
all, eſpecially at the Equator. 

THE ſecond Difficulty which made the Que- 
ſtion be propoſed is, whether the Seaſons are to be 
determined from the Degree of Heat and Cold, or 
from the Sun's approach, or withdrawing ? for 
the common Notion of the Europeans of the Sea- 
ſons includes them both, eſpecially the Cold and 
Heat, tho? Aſtronomers have moſt regard to the 
Sun's Place in the Ecliptic. Moreover, *tis found 
in many Places in the Torrid Zone, that the Seaſons 
do not anſwer the Sun's coming to them, or go- 
ing from them, but that they find it Winter (a- 
bounding not indeed with Cold, but with Rains 
and Storms) when it ſhould be Summer, by the 
Sun's being nearly above them ; and on the con- 
trary, they find it Summer when the Sun goes 
from them, and they ſhould rather have Winter ; 
of which ſtrange thing we ſhall give Examples 
afterwards. And therefore they make their Sum- 
mer to conſiſt in a clear Sky; and their Winter in 
wet Weather, with a little Cold. And therefore 
the Notions of the Seaſons differ much according 
to the Places. 


AFTER 
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AFTER conſidering theſe Difficulties, I am 
of Opinion; 1. ſeeing in ſeveral Places of the Tor- 
rid Zone, as was ſaid in the ſecond Difficulty, and 
alſo in ſome places in the Temperate Zone, Heat 
and Cold have no regard to the Sun's Motion ; nor 
are we to think that Heat and Cold makes the Sea. 
ſons, except we diſtinguiſh between Seaſons of the 
Heavens and of the Earth; which Words we muſt 
uſe for want of better : hence the terreſtrial Summer 
Seaſon of a Place, is the Time of Year when there 
is greateſt Heat there; but the celeſtial Summer 
is the Time when one might expect the greateſt 
Heat from the Sun's nearneſs ; and the like may 
be ſaid of the Winter Seaſon: and tho? in ſeveral 
Places the celeſtial and terreſtrial Summer and. 
Winter happen at one Time of the Year ; yet in 
ſome Places of the Torrid Zone they are in different 
Times of the Year, as ſhall be ſhowed hereafter. 
And the ſame is to be ſaid as to the celeſtial and 
terreſtrial Spring and Autumn. 

2. SEEING there are but few Places where. 
the terreſtrial Summer and Winter differ from the 
celeſtial, as to the time of Year, they happening 
in moſt Places at the ſame time of the Year ; there- 
| fore the celeſtial Summer may be called ſimply the 
Summer, and ſo the terreſtrial Spring, the Spring, 
Sc. and when we would ſpeak of the terreſtrial Sum- 
mer or Winter we ſhall call them Terreſtrial, to 
diſtinguiſh them from thoſe abſolutely called Sum- 
mer and Winter, when the Celeſtial and Terreſtrial 
agree. 

THE celeſtial Summer of a Place is when. 
the Sun comes neareſt to it's Zenith; and Win- 
ter when furtheſt from it; and Spring is between 
the end of Winter, and beginning of Summer; and 
Autumn between the end of Summer and begin- 
ning of Winter. And theſe four Seaſons may be 
chus underſtood in all Places. | 

3 PROPO--: 
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PROPOSITION III. 


The celeſtial Summer of thoſe Places between the North 
Tropic, and the North Pole, begins wwhen the Sun 
enters the firſt of Cancer, on the twenty firſt of 
June, and ends, when it enters the firſt of Libra, 
on the twenty firſt of September; and at the ſame 
time in all thoſe Places, And *tis Autumn with 
them when the Sun goes from the firſt of Libra to 

_ the firſt of Capricorn, and Winter while tis be- 
tween the firſt of Capricorn, and the firſt of Aries, 


THE. Truth of this Propoſition appears from 
the foreſaid Definitions, and may be eaſily ſhown 
on the Globe and Maps; for the Sun is leaſt di- 
ſtant from the Zenith when in the Tropic of Can- 
cer; and is at a mean Diſtance when between the 
firft of Libra and Capricorn. | 

T HE Summer Places between the South Tro- 
pic and the Pole, which takes in the Temperate 
and the Frigid Zone, begins when the Sun enters 
the firſt of Capricorn, and ends when it enters the 
firſt of Aries; and their Autumn 1s between the 
firſt of Aries, and the firſt of Cancer; and the 
Winter between that, and the firſt of Libra; and 
between that, and Capricorn is their Spring. 

THIS may be ſhown the ſame way as the 
former. 

THE Seaſons in the Torrid Zone do not begin 
in all Places at the ſame time. 1. Thoſe under 
the Equator have this peculiar to them, that they 
have two Summers, two Winters, and as many 
Springs and Autumns, and that each Year ; fo that 
between the twenty firſt of March, and the twen- 
ty firſt of September they have, or ſhould have 
by the Sun's Courſe all the four Seaſons; and the 
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ſame again between the twenty firſt of September, 
and the twenty firſt of March. 

ONE Summer is between the firſt of Aries, 
and the ſecond of Taurus, or Tenth of March, 
and Eleventh of April. | 

AUTUMN between the ſecond of Taurus, 
and the firſt of Cancer; or Eleventh of April, 
and Tenth of June. | 

WINTER between the firſt of Cancer, and 
the twenty eighth of Leo or the Tenth of June, and 
Tenth of Auguſt. | | 

SPRING between the twenty eighth of Leo, 
and firſt of Libra; or Tenth of Auguſt, and Twelfth 
of September. 

AND the ſame Seaſons return when the Sun is 
in the oppoſite Places of the Ecliptic; which is 
eaſily demonſtrated on the Globe, according to the 
foreſaid Definitions, or the Sun's Diſtance from 
the Zenith, But as to the terreſtrial Seaſons, they 
are different in ſeveral Places under the Equator. 

2, THE Places in the North Torrid Zone have 
the end of Autumn, and beginning of Winter at 
the ſame time on the twenty firſt of December ; but 
the beginning and end of the other Seaſons of 
Summer and Spring, and alſo the beginning of 
Autumn, are not at the ſame time, but are on 
different Days in different Places ; for the end of 
Autumn, and beginning of Winter, is there when 
the Sun is furtheſt from the Zenith, when in the 
Meridian, which happens in the firſt Degree of 
Capricorn. The other part is alſo plain, for if the 
Places have different Latitudes, the Sun will be 
in their Zenith on different Days ; that is, their 
Summer begins at different Times, and will have 
a mean Diſtance from the Zenith at different 
Times, and ſo their Summer will end, and Au- 
tumn begin at different Times. And in the fame 
way, their Winter will end, and Spring begin at 

R different 
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different times; becauſe the mean Diſtance from 
their Zenith will be different; tho' it will, in all 
Places, begin between the Tenth of December, 
and the Tenth of March. 

3. THE Places in the South Torrid Zone have 
the end of Autumn, and beginning of Winter at 
the ſame Time i. e. the Tenth of June; but the 
beginning of Summer and Spring, and the begin- 
ning of Autumn, are not at the ſame Time, but 
different in different Places ; yet ſo as the Summer 
there always falls between the Tenth of Sep- 
tember, and the Tenth of December; and the 
end of Autumn, and beginning of Summer, be- 
tween the Tenth of March, and the Tenth of 
June; and the beginning of Spring, and end 
of Winter, between the Tenth of June, and 
the Tenth of September. This may be proved 
as the former was; for the Sun, being in the 
firſt of Cancer, is then at it's greateſt Diſtance 
from thence ; and then it's Winter in them all; and 
the Sun being vertical to them in different times, 
their Summer, and conſequently Autumn and 
Spring, are at different times. 

4. THOSE Places between the Equator and 
the eighth Degree of North, or South, Latitude 
have ſomething peculiar ; viz. the Sun, by ap- 
proaching to, and withdrawing from their Zenith, 
makes two Summers, two Springs, and but one 
Autumn, and one Winter in a perverted order, 
thus ; Spring, Summer, Spring, Summer, Autumn, 


Wie 


THE Cauſe of this Paradox is this: ſuppoſe 


a Place in the eighth Degree of North Latitude, 


the Sun, is vertical to it in the Tenth Degree of 
Aries, and then Summer and Winter will be to 
them when the Sun is in the firſt of Capricorn, 
which is twenty ſeven Degrees thirty Minutes 
from the Parallel of the eighth Degree of North 

2 Latitude; ; 
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Latitude; and the Sun will have a mean diſtance 
when 'tis thirteen Degrees forty five Minutes from 
them; which happens four times in a Year; 1. 
when in the third of Gemini, then the Spring begins, 
becauſe the Sun begins then nearly to approach to 
the Zenith of the Place, where it will be Summer 
again in the twentieth of Virgo; and when it comes 
to the twenty fifth of Libra, *tis at a mean diftance 
again, and then begins Autumn; the Sun with- 
drawing from them ; and at the firſt of Capricorn 
it is Winter; and at five Degrees of Piſces tis at 
a mean Diſtance again, and then begins Spring, 
for the Sun is approaching to them: and the ſame 
happens in Places under the eighth Degree of 
South Latitude. | EO 

BUT if the Place be above eight Degrees 
Latitude, then it doth not hold good ; for the 
Sun in Cancer, or Capricorn, 1s here a leſs Diſtance 
than a Mean : for if in the ninth Degree of 
North Latitude the greateſt Diſtance will be at 
the firſt of Capricorn, which is thirty two Degrees 
of Declination North and South ; and the Mean 
ſixteen, which is more than the firſt of Cancer's 
Diſtance, which is but fourteen Degrees thirty Mi- 
nutes; therefore Summer will then laſt *rill the Sun 
be ſixteen Degrees from their Zenith, which 1s not 
'till the Sun comes to the twenty fourth Degree of 
Libra, about the Sixth of Oclober. 

THERE ſeem to be here ſome new Difficul- 
ties; 1. That it cannot be Summer with them when 
the Sun is in Cancer, Leo, Virgo, for the Sun is in 
them both going from and to the Zenith; but 
that *tis Summer only in the going from the Zenith. 
Tanſwer, that Summer conſiſts in it's going back 
from the Zenith to a mean Diſtance, which it ne- 
ver does till it come to the twenty fourth of Libra, 
when the Summer muſt end, 
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2. IN Places under the eighth Degree of Lati- 


tude, or in the fourth, as was ſuppoſed, the Spring 
could not begin when the Sun is in the third of 
Gemini, for then *tis going further from the Ze- 
nith ; but it goes only one Degree further, and 
therefore we ſaid it was nearly Spring, and we can- 
not make a fifth Seaſon for that ſmall Matter, 

OTHERS may think we ſhould not put Spring 
between two Summers, but count it all Summer, 
while the Sun is at leſs than a mean Diſtance from 
the Zenith. And tho? it go a Degree further, yet 
that will not cool the Air ſenſibly, but rather, by 
it's Continuance, increaſe it; tho? we ſhall not dil. 
pute that matter, only think the Method laid down 
is beſt. But enough, or too much, of this (a). 


(a) Mr Ditton has given a 
geometrical and eaſier Demon- 
ſtration of this Paradox. By 
the Definitions explained un- 
der Prop. 2. Each of thoſe Pla- 
ces ſhould be fo ſituated, that 
two Points may be taken in its 
Meridian, one lying to the 
North, the other at an equal 
Diſtance to the South ; the Di- 
ſtance whereof ſuppoſe from the 
Vertex equal to the mean Di- 
ſtance of the Sun from the 
ſame. Let now AB be the E- 
quator, ( Fig. 32.) - CD and 
EF the Tropics, and CAE, 
FBD, the Meridian of the 
Place, and a place therein 5, 
as remote as poſſible from the 
Equator to the North. The 
North Point therefore is C, 
whoſe Diſtance 4C is equal to 


the mean Diſtance of the Sun, 


or half 5 E (for becauſe there 
is no leaſt Diſtance of the Sun, 
therefore the mean Diſtance is 
half the greater) that is, to a 
third of CE, Or 4327 15. 
Therefote as CA is 233, Ab 
will be nearly eight Degrees; 
and therefore all theſe Places 
are nearly within eight De- 
grees of the Equator. But the 
Sun proceeding in it's annual 
Motion from E to C, and 
then again returning to E, 
produces the | abovementioned 
Seaſons in this Order. When 
in the Point E, where the 
Diſtance 1s greateſt from the 
Place 6, it begins Winter, in 
d the Spring ( viz. S IC 
in 5 the Summer, in C the ſe- 
cond Spring, in 5 the ſecond 


Summer, and in 4 the Au- 


tumn. 


PRO 
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PROPOSITION IV. 


A Place being given in the Torrid Zone, to find the 
Days when the Summer, Autumn, Spring, and 
Winter begin and end there. . 


1. IF the Place be in the Equator, we ſhewed 
in the preceding Propoſition when the Seaſons of 
the Year begin; each returning twice in one Year. 

2. IF the Place be beyond the eighth Degree 
of Latitude, bring it to the braſs Meridian, and 
mark with Chalk the Place it is under; then turn- 
ing the Globe obſerve what Part of the Ecliptic 
comes under the Mark, and when the Sun comes 
there, Summer begins; then obſerve the middle 
Degree between the Mark, and the Tropic of Ca- 
pricorn, if the Place have a North Latitude, but the 
Tropic of Cancer if South; and turn the Globe 
'till two Points of the Ecliptic come under that 
middle Degree: the one is the Place the Sun is in 
when Spring, the other when Autumn begins; and 
Winter will be when the Sun is in the firſt of Ca- 
Pricorn, if the Place be to the North, but Cancer, 
if to the South of the Equator. The ſame may be 
done by the Maps, but more accurately by the 
Tables of Declination. 

IN which find the Declination equal to the La- 
titude, and againſt it you will have four Days of 
the Lear; and take that Day for the beginning 
of Summer which is between the Tenth of March 
and June, if the Place be North; and between 
the Tenth of September, and Tenth of December, 
if South Latitude. 

THEN take the half of the Latitude from ele- 
ven Degrees ninety five Minutes, and find the 
Remainder in the Table, you will ſee again four 
Days againſt it, in two of which the Sun is at a 
VOL, II, e = mean 
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mean Diſtance from the Place; and if the Place 

be North, take two Days, one between the Tenth 

of December, and Tenth of March, the other between 

the Tenth of September, and Tenth of December; 

the former will be the beginning of Spring, 
the latter of Autumn: but if the Place be in 
South Latitude, take the Day between the Tenth 

of June, and the Tenth of September, for the be- 
ginning of Spring; but for Autumn, take that be- 
tween the Tenth of March, and Tenth of June; 

and Winter will begin the Tenth of June, or De- 
cember, as the Place is South or North. 

3. IF the Place have leſs than eight Degrees of 
Latitude, it will have two Summers, two Springs, 
and Autumn, and. Winter, except we reckon the 
Spring between two Summers to be a Part of a 
long Summer, and then we do as in the former 
Caſe; but if we reckon there two Summers, and 
two Springs, according to our Definitions; find, as 
before, the begipning of Summer and Winter, and 
take out of the Table four Days at a mean Di- 
ſtance, and take two of them as before for the be- 
ginning of Spring, viz. that which is next to the firſt 
of Summer; and for the ſecond Summer's begin- 
ning, take the Day that is as far from the twenty 
firſt of June, as the firſt Summer's beginning. 


PROPOSITION V. 


In the Temperate and Frigid Zone the four Seaſon: 
are almoſt of the ſame Length ; but in the Torrid 
Zone they are unequal ; yea one and the ſame wil 


be different in different Places there, q 


THE 
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T H E former Part of the Propoſition is plain, 
becauſe the Sun goes thro' three Signs in each 
Seaſon, and fo the Times will be nearly equal, ex- 

cepting a few Days, viz. five that the Summer, and 
four that the Spring, in northerly Places, exceeds 
the Autumn, and Winter ; and in Places ſoutherly 
the Autumn and Winter exceeds the Summer and 
Spring as much, becauſe of the Sun's Eccentricity ; 
as we faid before. ; 
| 2. IN Places under the Equator there are two 
Summers (and likewiſe the other Seaſons) and both 
ſhort; and the two Springs alſo, each having only 
thirty Days, and both Summers and both Springs 
, have fixty four Days, i. e. two Months, and two 
e or four Days: but the Autumn and Winter have 
a fifty five Days, and the two Autumns one hun- 
l | dred and ten, and the two Winters as many, i. e. 
near four Months. 

3. THE. nearer the Places in the Torrid Zone 
are to the Equator, they have the longer Sum- 
mer, and the leſs Winter; and an Autumn and 
Spring more or leſs ordinary. In Places of leſs than 
ten Degrees Latitude, the Summer is no leſs than 
ſix Months; and how long each Seaſon is, may be 
known by the preceding Propoſition, 

SO far of the celeſtial Seaſons; but *tis not 
from theſe only that Light, Heat, Cold, Sc. do 
flow ; there are other Cauſes, which we ſhall now 
conſider, 


PROPOSITION VI. 


The Sun goes near the Zenith of Places in the Torrid 
Lone at Mid-day ; but at Mid-night goes far from 
it under the Horizon, and the Places are there al- 
moſt in the middle of the Earth's Shadow, and the 
Suns Rays neither enlighten nor warm their Air, 
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In the Frigid Zone, as the Sun is a great way from 
their Zenith even at Mid- day, ſo. at Night it goes 
but a little way under the Horizon, and ſends ſe- 
veral Rays by Reflexion into the Air there. 

In the Temperate Zone ihe Sun is at Mid-day at 
an ordinary Diſtance from the Zenith, and at Night 
is a good Way under the Horizon in Winter; but 
ſends ſome Rays by Nn into the Air in the 
Summer: time. 

T O ſhow this by the Globe: cent the Pole 
for the Latitude of a Place in the Torrid Zone, or 
rather put the Poles in the Horizon; and conſi- 
der the Parallels which the Sun deſcribes in revol- 
ving, how far they are above, and under the Ho- 
rizon, and the firſt Part will be plain. 

THEN elevate the Pole for the Latitude of 
a Place in the Frigid Zone, and you will ſee the 
Parallels are but a little way under the n 
which ſhows the ſecond Part. 

AND again elevate for the Latitude of a Place 
in the 7. emperate Zone, and you will ſee the Truth 
of the Third Part. = 


PROPOSITION VII. 


To find the Continuance of Twilight in a given Place, 
at a given Time, 


I T'S Continuance is from the firſt appearance of 
Light to the Sun's riſing, and from Sun-ſetting to 
it's Diſappearance; ; which Aſtronomers have found 
by Obſervation to be at eighteen Degrees under 
the Horizon. 

ELEVATE the Pole, to the Latitude of the 
Place, and find the Sun's Place that Day in the 
Ecliptic : which being marked, and the Mark 
brought to the Horizon, and the Index of the 
Hour Circle to twelve, turn the Globe 'till you 
find, by a Quadrant of Altitude, or a Pair of 
Compaſſes 
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Compaſſes, that the Sun is eighteen Degrees under 
che Horizon ; and you will ſee how many Hours 
the Index hath paſſed : and ſo long is the Light in 
diſappearing in the Evening, and in appearing in 
the Morning; as may be tried in the Eaſt, ſuppo- 
ſing the Air to be clear, it will be convenient to 
give an Example in each Zone. 


PROPOSITION VIII. 


In Places in the Torrid Zone the Twilight is leaſt, 

and in the Frigid Zone greateſt, and in Places 
in the Temperate Zone, in a Mean between the 
Iwo, | | 


FOR under the Equator, and-in Places near 
it, the Twilight, according to the fomer Hypo- 
theſis, is about one Hour; but by Experience *ris 
found to be but half an Hour, or a little more ; 
| becauſe the Air, being ſo groſs there, is not ſo 
high as is requiſite to make Twilight at the Depreſ- 
fion of eighteen Degrees; and belides, the Suppoſi- 
tion of eighteen Degrees requires very ſmall Light, 
ſuch as in the beginning of Twilight: which by 
the Vulgar is not counted Twilight. 

IN the Frigid Zone the Twilight laſts for ſeveral 
| Days, while the Sun is under their Horizon. 

IN the Temperate Zone the Twilight laſts three, 
| four, five, or ſix Hours, and all Night in ſome Places 
in Summer-time, according as the Places are more 
or leaſt near the Frigid Zone. Theſe things may be 
all proved by the Method in the preceding Propo- 


ſition. 


the : | 
1 PROPOSIT FO N: HRK 

= i 4A Place being given in the Temperate or Frigid 
f 00 Zone, and another Place in the Torrid Zone, and 


E 3 likewiſe 
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likewiſe the Day of the Year, to find the Hour in 
the Torrid Zone in which the Sun fhall have the 
ſame Altitude (and ſo aſfect the Horizon with Rays 

e equal Force) as it hath in the Temperate Zone 
at Mid-day. n bay 


ELEVATE the Globe for the Latitude of 
the Place in the Temperate or Frigid Zone, and 
bring the Sun's Place to the Meridian, and obſerve 
15s Altitude, and that is the Altitude of the Rays 
which warm and enlighten that Place. 

THEN elevate the Pole for the- Latitude. of 
the Place in the Torrid Zone, and applying the 

uadrant to the Zenith, mark on it the Altitude 
betore found, and bring the Sun's Place to the 
Meridian, and the Index of the Hour Circle to 
twelve, and move the Globe and Quadrant til 
the Sun's Place agree with the marked Degree of 
Altitude, or the Quadrant, and the Index will 
ſhow the Hour ſought; and therefore the Rays 
falling in both Places with the ſame Obliquity, 
there 1s the ſame Degree of Light and Heat in both 
Places, except other Cauſes hinder it. viz. 1. That 
the Sun had before introduced a Temper into the 
Air of the Torrid Zone, which it had not into the 
the other Zones. 2, The Sun riſing up more di- 
rectly .in the Torrid Zone, the Rays are all ſent 
almoſt the ſame way; which will cauſe greater Heat 
than if it had aſcended obliquely, and ſent the 
Rays a great many Ways, which diſperſes them; 
whereas Heat requires they ſhould be gathered 
together. | | 5 

FOR Example; Let us find out in the equino- 
ctial Day, and Hour, when the Sun is as high 
above the Equator as at Amſterdam at twelve 
o'Clock that Day, 
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PROPOSITION * 


75 "pledge the Cauſes of Light, Heat, and the Sea- 
ſons, ſhewed in the preceding Propoſh tion, under 
a Lond, Zone. 


40 1H E Sun riſes up directly above the Hori- 
zon every day, eſpecially under the Equator, to 
the Meridian and Zenith of the Place, and there- 
fore the Rays decline from the Perpendicular at 
nine in the Forenoon about forty Degrees, and 
come ſtill nearer to a Perpendicular as they ap- 
proach to the Meridian, and afterwards decline 
from it *till four in the Afternoon, when the Sun 
begins to ſend the Rays very obliquely; and there- 
fore the greateſt Heat is between nine and three or 
four o' Clock, if no other Cauſe hinder; and be- 


W cauſe the Sun in their Meridian hath different Di- 


ſtances from the Zenith, it is Winter when moſt 
diſtant, and Spring at a mean Diſtance going from 
the greateſt Diſtance to the Zenith, Autumn while 
it goes from the mean Diſtance to the greateſt, 


either at the firſt of Cancer or Capricorn. 


2, IN Places under the Equator the Sun is never 
leſs than twelve Hours above, and as many below 
the Horizon ; but in other Places of the Torrid Zone 
tis an Hour, or at moſt an Hour and thirty Minutes 
more above in the Summer near Cancer or Capri- 
corn; and as much in the Winter leſs than twelve 
Hours: which cauſes the Nights to be a little 
colder, and the Heat of the Day of leſs continuance 
in the Winter-time. 

3. IN the Night the Sun is far under the Ho- 
rizon, ſo that there are ſcarcely any reflected Rays 
to enlighten the Air; which cauſes the Cold to in- 


as and the Air being condenſed * 1 
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fall dow by it's Weight; and Sei ieh 
A is only for about half an Hour. 

T HE ſame way the Moon — almoſt pe 
larly to the Horizon, tho” a little more = 
liquely, becauſe it goes five Degrees from the E- 
cliptic, and continues a little above twelve Hours 
above the Horizon, and almoſt as many below, 
going far under the Horizon. And thus it may, 
by it's. perpendicular Rays increaſe the Heat of the 
Night, eſpecially if near the Zenith; but the ef- 
fect is ſcarce ſenſible by it's ſhort continuance above- 
the Horizon, 

5. ALL the Stars riſe and ſet in Places near 
the Equator, but in Places near the Pole they do 
not; and may therefore cauſe ſome ſmall Light, 
and Heat in the Air, 

6. IN ſeveral Places of the Torrid Zone, as in 

the Indian Iſlands, and India itſelf, and in the South 

Part of Africa, and in Guinea in Africa, and Mexico 

in New Spain, the Earth is ſulphureous, and ſends 

forth more hot Exhalations, which give Heat, and 
ſome peculiar Properties to the Air. In ſome 

Places *tis ſandy, as in the North Part of Africa, 

and in a Part of Libya, the Blacks Country, and in 
ſeveral Places in Arabia, in Peru, and Places be- 
tween Peru and Braſil; in which Places there 1s 

great Heat from the Sand that retains the Heat 
from the Sun long, and communicates it continual- 
ly to the Air; in other Places there are ſeveral Ri- 
vers, but few in theſe; and in Abaſſia, Guinea, Con- 
go, India, and Braſil, there are many Rivers that 
afford moiſt Vapours, which beat back the Sun's 
Heat ſo as to make it more tolerable. 

7. SEVERAL Places in the Torrid Zone have 
the Sea near them, as in India, and the Indian Illes, 
and the South Part of Africa, Guinea, Braſil, Peru, 
and the Mexican Spain; few Places of the Torrid 
Zone are inland Parts, as the middle of Africa, 1 

the 
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the Countries between Peru and Braſil, where the 
Heat and Drought is greater than the former, 
where the Air is more moiſt, except other Cauics 
concur to hinder. = 

8. MOST Countries in the Torrid Zone Hye 
the Sea almoſt round them, and in their middle a 


Chain of Mountains more or leſs high; as India, 
and the Indian Iles, the Tongue-like Part of Afri- 


ca, Peru and this alters the Light, Heat, or cauſes 
Rain there; in ſome Places they keep off the eaſt- 
ern Sun, and in others the weſtern, And the Rains 
cauſed there, (as in Chap. 20.) hinder the Light and 


Heat; and there are but few Places there without 


thoſe Things, as the Heart of Africa and Mexican 
Spain, or may be more. 

9. THE Effects of the Winds in the Torrid 
Zone are various and remarkable ; for the general 
Winds blowing to the Weſt cool the Places in the 
eaſtern Shores of Africa and Braſil; but not thoſe 
on the weſtern, as Peru, Guinea, Congo, Angola. 
Some Winds are peculiar to ſome Places; as the 


South Winds in Peru, which carry the Vapours be- 


fore them; other Winds are ſtated, (as in Chap. 21.) 
which change the celeſtial Seaſons, blowing as con- 


trary as the Heavens move. 


THE Clouds and anniverſary Rains in ſeveral 
Places of the Torrid Zone alter the Influence of the 
Sun; being as conſtant almoſt as the Sun's Motion: 
and they are miſtaken who think all things in the 
ſublunary World are inconftant, and without Or- 
der; and that only the heavenly Bodies are conſtant 
in their Motions. 


AND ſeeing thoſe cauſes are ſo many and va- 


rious, ſome prevailing in one Place, ſome in ano- 


ther; ſome at one time, and fome at another; ei- 
ther concurring with, or oppoſing one another, no 


ble, 


wonder the Sealons i the Torrid Zone ſhould be fo 
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' PROPOSITION. XI. 


To determine when, or in what Months of the 2 zar, 
the four Seaſons happen on the Earth, viz. Spring, 
Summer, Autumn, and Winters in differen Places 
in the Torrid Zone, | 


* 


d 
ral Places of the Torrid Zone do not agree with the 


- Sun's Motion, for *tis Winter there when the Sun 


is at, or near, their Zenith; and Summer when it 
is fartheſt off: for which reaſon we.diſtingutth be- 
tween Seaſons that are Celeftial, and thoſe that are 
Terreſtrial. We ſhewed alſo in Prop. 3. and 4. 
when they had the celeſtial Seafons in the Torrid 
Zone: and ſeeing the terreſtrial happen not at the 
lame Times, or - conſtantly at one Time, in diffe- 
rent Places, we muſt determine their Times from 
Experience, and as much as can be ſhown why 
they do not agree with the other Seaſons in the 
Heavens; and that from theſe ten Cauſes in the 
firſt Propoſition. And firſt, we muſt know that 


tis not a raging Cold, or Froſt, that makes Win- 


ter in the Torrid Zone, but Rains, or leſs Heat than 
in Summer; and likewiſe in ſeveral Places of the 
Torrid Zone there are only two Seaſons ofthe Year, 
Summer and Winter, which are chiefly diſtinguiſh- 
ed by wet and dry; for in Winter there is ſome- 
times more Heat than in Summer, vith a difficulty 
of breathing, for the Clouds and Rain beat down 
the warm Air; and Spring and Autumn are not ſo 
obſerved and diſtinguiſned by Signs. 

LET us begin with that Part of Africa which 


is in the Torrid Zone, and go round eaſtward to 
Braſil thro? the whole Torrid Zone. 


TH E Countries on the weſtern ſhore of Afri- 


ea, from the Tropic of Cancer to Cape Verd, which 


is 8 Degrees North Latitude, are all or 
I tile 
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tile in Corn, and ſeveral ſorts of Apples, and a- 
bound in Cattle, and the Inhabitants of robuſt 
Bodies; the Heat there being a little above what 
is in a Medium; ſo that they go naked, ex- 
cept their Nobility and rich Men, who cover them- 
ſelves with Cloaths. The Cauſe of the Fertility 
and temperate Air there, tho? it be in the Torrid 
Zone, is, 1. The many Rivers, the chief whereof 
are Senega and Gambea, that water the Country, 
and render the Air the colder. 2. The neighbour- 
ing Sea; which affords moiſt Vapours, and cool- 
ing Winds; but how the Seaſons are here, and in 
what Months their Summer and Winter, I have 
not found among Writers, thro* their Folly or Ne- 

ligence; tho? I found in a Journal, that in one of 
the Iſles not far from Cape Verd called Heſperides, 
or & Vincent, in Latitude ſixteen, the rainy Months, 
i. e. their Winter, are Auguſt, September, Oclober, 
November, December, and January, which Time a- 
orees almoſt with the Seaſon by the Sun's Motion ; 
for in May, June, and July, becauſe the Sun is at, 
or near, their Zenith, it makes their Summer Sea- 
ſon, when they have the Air more hot and dry, 
without Rains; and in February, March, and April, 
it is Spring: for the Sun is then moving from the 
mean Diſtance to their Zenith, and they have Heat 
in a Medium without Rain; and Auguſt, Septem- 
ber, and Oftober, make Autumn, becauſe of the Rains 
then, tho? it ſhould begin ſooner, for the Sun is not 


in Auguſt come back to a mean Diſtance z and N- 


vember, December, January, are Winter, the Sun be- 
ing then furtheſt from their Zenith; and then they 
have much Rain, and ſome Cold; but the Writer 
lays *cis not ſo every Year, but for the moſt part; 
and does not remember how the Seaſons are in the 
neighbouring Continent of Africa; only he adds *tis 
quite otherwiſe on the Shore of Sierra Leona, as we 
ſhall now ſhow. "2 „ „ idea er ta aa} a, 
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. . E N the South Part of Africa chat runs 
| Eaſt and Weſt, called Guinea, that is four or more 
Degrees; of Latitude North. There is continual 
Heat, without intervening Cold; yet there are 
ſome Months they call Summer, others Winter; ; 
for on the Shore of Sierra Leona, and at ninety De- 
grees of North Laticude ; and in ſeveral Places of 
Guinea, they eſteem that March, April, May, June 
and Fuly, make their Winter, eſpecially April, May, 
and June; for there falls then ſo much Rain that 
is hot or warm, and there are ſuch Thunder and 
Lightning frequently, and ſuch Storms and Hurri- 
canes as cannot be conceived by any but thoſe that 
have ſeen them. The Portugueſe call thoſe Storms 
Travados, which we mentioned in Chap. 21. And 
in theſe Months the Fields lie waſte, without grow- 
ing Corn ; but after the Storms are over, they dig 
the Ground that is dry, the Rain being drank in, 
and mix broken Pieces of Coal with it inſtead of 
Dung, and let it rot in the Earth for ten Days, 
then they throw in the Seed; for there is ſo much 
Heat in the Air, joined with a Moiſture from. the 
adjacent Sea, that if Fiſh be kept half a Day un- 
boiled after they are taken they ſtink. In theſe 
Places then, their Winter is in April, May and 
June, when the Rains abound, and the Storms 
rage ; and the Spring i in July, Auguſt and Septem. 
ber ; and Summer in October, November and De- 
cember; and Autumn in January, February and 
March, when the Rains and Storms begin. 

BUT theſe Seaſons are no way agreeable to the 
Sun's Motion; for there ſhould be a violent Summer 
there in May, June and July; for the Sun is then at, 
or near, their Zenith at Mid- day, which the Heat 
of the Air and Rains teſtify; and in OFober, Novem- 
ber and December, there ſhould be Winter, for the Sun 
is then furtheſt from them. Tis not eaſy to account 
for thoſe Storms and Lightning they have * 


* 
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Sun is {6 near their Zenith; it ſeems to me that the 
Sun draws up a great Quantity of Vapours from the 
Sea, and ſulphureous Exhalations from the Land of 
Cuinea; for tis a metalline and ſulphurebus Earth 
tere, which being condenſed by the cold vight Air 
makes Rain; there being no conſtant Wind blow 
ing to difſipate the Vapours, but a Calmneſs for 
the moſt part before the Storms come; and when 
theſe Rains fall the Air is hot, or warm; the Sun 
being vertical, and the Heat is ſuffocating ; which 
makes a Difficulty in their breathing. 
AND tho? their Fields lie waſte in the wer 
Months, yet their Trees and Buſhes bear Fruit all 
the , 2 be eds 
THE Day is here almoſt equal to Night thro* 
the whole Year ; the Sun riſing at ſix and ſetting at 
fix: but the Sun is ſeldom ſeen riſing or ſetting 
there, for it riſes for the moſt part covered 'with 
Clouds for half an Hour; and ſets after it hath 
been involved in the Clouds half an Hour. © 
TIS alſo worth remarking, why in the Months 
of July and Auguſt the fame Rains and Storms pre- 
vail not. when the Sun is then as near them as in 
May and June; and why in the Iſles of the Heſpe- 
rides, which are not far from Sierra Leona and Gui- 
na, the Winter happens in other Months; but 
here the Summer is from the Sun's Courſe. 
4. HOW the Seaſons are in the inland Parts of 
Africa included between an Arch of the Tropic of 
Cancer, and the weſtern Shore of Africa and Guinea, 
called the Blacks Country, I have not found any 
thing ſaid of it; but that all things there are almoſt 
barren, except thoſe Places near the Niger, which 
overflows each Year in June, July and Auguſt, and 
makes the Land there very fruitful, and forms ſe- 
veral Lakes. The other Places on the Confines of 
Libya are oppreſſed with Heat, being ſandy for me 
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moſt part ; and the rainy Wenns do not ſeem to 
be here as in Guinea. 

4. THERE follow the Coantrics in the Tongue- 
like Part of Africa (which runs North and South) 
as Maniconogo, Angola, Ec. from the ſecond Degree 


of North Latitude to the Tropic of Capricorn; for 


the Kingdom of Congo begins at the ſecond Degree 
of South Latitude. Their Winter there 1s like the 
Spring at Rome and Italy, being a temperate Heat; 
they never change their Cloaths, and the very Tops 
of the Mountains are warm there; the rainy Win- 
ter begins almoſt with our Spring, viz. the twenty 
fifth of March, and laſts during April, May, June, 
Fuly, and Auguſt, to the fifteenth of September; and 
then the Summer begins, which continues till the 
fifteenth of March, in which there are ſcarce any 
Rains, but a conſtant Clearneſs : yet in Winter the 
Sun 1s ſcarce ſeen in any one Day for the Rain and 
Clouds. It rains not during the whole Day, but 
for the moſt part two Hours before Mid- day and 
two Hours after : great Drops fall which are im- 
mediately drunk up by the thirſty Grounds, Tho! 
the Inhabitants make but two Seaſons, Summer and 
Winter, as ſome do here; yet they may 'be rec- 
koned four ; Summer feen the fifteenth of Decem- 
ber to the fifteenth of March; and Spring from 


the fifteenth of September to the fifteenth of Decem- 


der; and Autumn from the fifteenth of June to the 
fifteenth of September; and the reſt Winter, i. e. 


from the fifteenth of March to the fifteenth of June. 


THE Seaſons that are Terreftrial agree nearly 
with the Sun's Courſe ; for the Sun goes from them, 
from the. fifteenth of March to the fifteenth of Sep- 
tember, and is furtheſt the fifteenth of June; and 
in the reſt of the time it comes to them, and is 
vertical the thirtieth of September; and then goes 
to a mean Diſtance ſouthward, and returns from it 
in October, November, December, January, and Febru- 

ary, 
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ary, and is vertical again the fifteenth of March; 
and in theſe Months they have Summer by the 


Sun's nearneſs; there being no Cauſe on the Earth 


to hinder it; and then tis Winter from the fifteenth | 
of March to the fifteenth of September, for then 


the Sun hath removed from them; but the fout 

Seaſons we ſuppoſe them to have, do not ſo well 
agree with the Sun's Courſe; and I doubt whetiier 

they reckon the Spring and Autumn. «A 5 

| BUT the Cauſe we gave of the rainy Months, 
viz, that the Sun is then going from them, ſeems 

ſufficient to produce that effect of itſelf, therefore 


we add another ;. that is, the Chain of Mountains 


that are to the Faſt from the Sea-Coaſt; they are 


ſtill covered with Clouds, occaſioned by a ſtated 


North-Weſt Wind that blows there at that Time. 
The Sun draws up the Vapours from the Sea, which 
that Wind carries againſt the Mountains; and the 


general South-Eaſt Wind makes alſo ſome Reſiſ- 


tance to it, and they are thus condenſed into Rain; 


and thence come the conſtant Rains and Showers, 


which cauſe alſo the overflowing of the Nile, and 
| other Rivers in Africa; of the natural Cauſe of 
which, take the following account. 


« THE River Nile, according to beſt Geogra- 


e phers riſes about fourteen or fifteen- Degree of 
North Latitude, which is between the Tropics, 
e about nine Degrees to the ſouthward of the Tro- 
« pic of Cancer, and in it's Courſe to the north- 
« ward towards the Mediterranean, it runs into a- 
bout thirty Degrees of North Latitude before it 
falls into the Levant, and as it is ſo large a River 
and runs thro the low Grounds of Egypt, it can- 
ce not avoid being the Receptacle of a great Conflu- 
** ence of Rivers, by whom all thoſe heavy Rains 
that fall in or near it's Paſſage, or upon the adja- 


cent Mountains, are convey*d into it's Chanel, and 


N having. no way to diſgorge * till it falls into 
| (0 the 
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the Mediterranean, it is no more difficult to ac. 
count for its overflowing the low Land of Egypt 
in its Paſſage thro? it (tho' a thing look'd upon 
by the Antients as ſupernatural) than it 1s to ac- 
count for a Land-flood after a ſudden heavy Rain 
in England, or elſewhere. This Conſideration 
makes the overflowing of the Nile ſo far from be- 
ing a wonder, that it would be a much greater 
wonder and more difficult to be accounted for, if 
all theſe exceſſive and durable Rains that fall in- 
to the River Nie, and that from the adjacent 
Country deſcend into it between or near the Tro- 
pics where theſe Rains fall; I ſay it would be a 
much greater wonder how theſe heavy Rains and 
prodigious Quantites of Water could be convey'd 


to the Sea, and the Nile not being affected there- 
with; and altho' the Nile ſeems to be more taken 


notice of generally than any other River in the 
World for its annual- overflowing, as if it was a 


Property peculiar to itſelf only, yet we find Tor- 


quin, Siam, and other Places within or near the 
Tropic, that not only have theſe ſtated annual 
Rains and Overflowings, but depend ſo much up- 
on them, that they have not Moiſture ſufficient to 
prepare the Ground for their Rice without them, 
and if the Rains fail, they have ſcarce any Crop, 
and the Poor are miſerable for want of Suſtenance, 
as is the Caſe upon the Malabar and Cormand: 


| Coaſts, as well as at Tonquin, the Floods being 


there generally as certain and conſtant as in the 
Nile, or any other Place under or within the 
Tropic, and proceeding from the ſame Cauſe. ” 


MOREOVER, the Rivers in Congo overflow 


in theſe rainy Months, and make great Fruitfulnebs 
there, as much, ſome ſay, in Egypt; and all things 
grow and ripen excellently. | 


5. IN the Province of Lowango, that borders 


on the Sea, not far from Congo, in Latitude four 


Degrees, there are alſo wet Winter Months, and 


cleat 
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clear Summer Months; but what is. ſtrange, the 
Months are not the ſame in which the Rains come 
in the next Kingdom; for there are continual and 
vehement Rains in Totbaggo from the firſt of Ja- 
nuary to the firſt of May, when yet tis Summer in 
Congo in January and February, and the Sky clear, 
which is contrary to the celeſtial Seaſon, for the 
Sun is not furtheſt from them in January and Fe- 
bruary, and ſo they ſhould have no Rain, but dry 
Weather; which. muſt come from ſome other 
Mountains, or ſtated Winds, Se. 

6. THE'Ifles::of 8. Womas, in the Equator, 
and Annobon, in Latitude one Degree thirty Mi- 
nutes, are . moſt fertile in Sugar, Corn, A pples ; i 
but eſpecially Citrons, and Oranges. 

7. HO W the Seaſons are on the weſtern Coaſt 
of Africa from Lawango ſouthward I find not. 

8. THEREF OR E ve come round the Cape 
to the eaſtern Shore of the Tongue- like Part of 


| Africa, where there is Zofala, Moſambique, Quiloa, 


to the Equator: the Winter there is from the firſt 
of September to the firſt of February, and Summer 
the reſt of the Lear; whereas in Congo the Winter 
we ſaid was at another Time, tho both Places 


have nearly the ſame Latitude; but this is owing 


to the Chain of Mountains that divide that Part 
of Africa into Eaſt and Weſt Land. 

THE Land in the Eaſt Part is not ſo fertile, 
but barren and ſandy i in many Places, and is burnt 


| with Heat ſometimes ; tho” the Sea, Rivers, and 
general Winds, temper the Heat. 


9. THE other Countries all the way to the 
Mouth of the Arabian Gulf, and from thence along 
the Shores of the Gulf to the Tropic of Cancer, 
what Seaſons they have we cannot learn; only 
that *tis all barren and ſandy, and ſo muſt be ve- 
ry hot: (the Sterility and Heat among the Troglo- 
dytes, or . in MO 18 famous); and 

FOL H. F beſides 
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beſides this there are almoſt no Rivers to water 
the Country; but we ſhall wait for better Ac- 
counts. 1 | tr Eh eb ad TS 
10. BUT what muſt the Seaſons be among the 
Abaſſines in the inland Part of Africa, where the 
Equator cuts it almoſt in the middle? \& © — 

11. BUT leaving Africa we go to the Countries 
in Aſia in the Torrid Zone; where we meet with 4. 
rabia on the Red-Sea from Mecca to Aden, twelve 

Degrees North Latitude, having the Mountains 
of Arabia on the Eaſt. They have great Heats 
there in March and April, and more after that 
when the Sun goes thro? their Zenith, and keeps 
near it in May, June, Juhy, and Auguſt; the Heat 
being ſo great, that they are forced (at leaſt 
the richer fort) to cauſe Water to be continually 
thrown on them in the Day-time, or elſe they lie 
in Ciſterns filled with Water: the Merchants at 
Aden meet together at Night for Buſineſs, and even 
then they are hot enough. I ſuppoſe tis for want 
of watry Vapours from the Earth; which is ſtony, 
and hath few and ſmall Rivers in it. And as for 
the Vapours from the Red-Sea, the general Wind, 
tho* weak there, yet carries them weſtward z there 
is alſo a great deal of Sand, which retains the Heat 
it received in the Day all the Night long ; and 
cammunacares e 

AND this Time of their Winter and Summer 

agrees with the Sun. en e 

12. THERE is the ſame Account to be given 

of all Arabia, and it's eaſtern Shore. 1 
13. IN Cambaya and India, which is under the 

Tropic of Cancer, and on the Malabar Shore in the 

Eaſt-Indies towards the Weſt, which reaches to 

the eighth Degree of North Latitude, the wet 

Seaſon is from the Tenth of June, to the 

Tenth of O#oher ; but chiefly from the middle 

of Tune to the middle of September: nor doth it 
| 3 N 
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rain the ſame time in all theſe Places, but more 
conſtantly in the Province of Goa and Cochin, and 
leſs in Cambaya, where it rains but three Months 
and ſeldom at other times: but in Goa the Rains, 
tho? not ſo vehement, begin in April and May, with 
Thunder and Storms; ſo that we may count 
Autumn here from the fourth of March to the fourth 
of June, and Winter from that to the fourth of 

| September, and Spring from that to the fourth of 

December, and Summer from that to the fourth of 

March : for there is a great Drought then, the Wa- 

ter of the former Rain being now drawn out of the 

Earth. But the Inhabitants count only two Sea- 

ſons, Summer and Winter, or rather wet and dry, 

there being no Winter there, according to our 

Notion of it; yet 'tis as properly called Winter 

from the Rains as from Cold. 5 
BESIDES theſe Rains on the Shore, there are 

Storms and Thunder in the wet Months, and the 

dea is then ſaid to be ſhut up, and the Rivers then 

overflow. In the Month of September the Sea be- 
gins to be open, and the Ships begin to ſail from 
the Malabar Shore to all Parts of the World : nor 
is the Rain ſevere in the Fields, for they have time 
to lant and ſow for many Hours of the Day (except 
when there are Storms). For they ſow during theſe 
rainy Months, which they do not in Guinea, as we 
faid; and the Air is then of a moderate Heat by 
reaſon of the Clouds- covering the Sun ;, ſo that 
they take their Diverſions in the Fields from the 

Shore, where there is no Inundation. The Fer- 

tility from the Rains is almoſt incredible; and if 

there happen to be no Rains, as in 1630, all their 

Hope of a Crop is gone; and there comes a Dearth 

of Proviſion, a hot unwholeſome Air, Fevers, 

Peſtilence, and Myriads of Men die. In the Year 

1630 Man's Fleſh was publickly ſold in the Stalls of 

ſome Towns in Cambaya. The Rainsare —_ 
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ſo vehement that their Houſes, ſlightly built, fall 
down, and the Rivers carry others away. 

THE Y ſow in May and the beginning of June, 
and reap in November and December; but tis other. 
wile in Guinea. | 

T HEIR Summer and Winter are not according 
to the Sun's Motion, for in July and Auguſt the Sun 
is vertical, or nearly ſo, and thus they ſhould have 
Dryneſs and Heat. In this they are very happy, 
for if the Rains did not fall, and the Clouds con- 
tinue to cover the Sun, the great Heat of the 
Sun would make the Land ſandy and barren, like 
Arabia and Libya, where they have not theſe Rains 
when the Sun is vertical; and in December, Januar) 
and February, they ſhould have Winter, or Rains 
and leſs Heat, the Sun being then at the greateſt 
Diſtance : but they have Summer then; yet the Air 
is cold enough at Night, and from twelve at Day 
to twelve at Night there blows a refreſhing Gale 
from the Sea. 

14. I N the oriental Shore of India, called Cor. 
mandel, the Seaſons differ from the Heavens; for 
the Sun there cauſes great Heat in March, April, 
May, and June, and no Rains. The Saracen 
divide the Year into three Seaſons, hot, wet, and 
cold. The Heat from the fourth of May, to 
the fourth of June is intolerable, the Wind blows 
from the North, to which if you turn your Face you 
will feel ſuch Heat in the Air as is perceived near a 
red hot Furnace ; for the Sun is then to the North at 
Mid-day ; and the Stones and Wood. are very hot, 
but the Water in the Wells very cold, ſo that many 
are killed by drinking it when they are hot. 

THE greateſt Heat is between nine in the 
Forenoon *till three in the Afternoon, and then 
there is no travelling; but at other Times tis tem. 

erate and tolerable, and the Air clear and pks 
ſant, and travelling delightful, nl 


+ 
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THE wet Seaſon is from the firſt of July to 
the firſt of November ; and the Cold from the firſt 
of November to the firſt of March; and in Janua- 
ry and December the Cold in the Night is ſenſible 
enough. | 

T 1 E RE are here ſeveral Things that deſerve to 
be enquired into; for from the firit of March to 
the firſt of July the Sun is nearly vertical to them, 
and no wonder if the Heat be great then; yet 
one would think it ſhould be as hot in July and 
Auguſt, when the Sun is alſo over them, and hath 
the Advantage of the former Heat, and ſo ſhould 
be greater: and beſides, how come the Seaſons 
there to differ from. thoſe on the Malabar Shore, 
being both in the ſame Climate, and having the 
Sun vertical and remote at the ſame times? And 
which is more ſtrange, there is only about ſeventy 
Miles, and in ſome Places only twenty Miles Di- 
ſtance between them; ſo that you may come from 
the Places where the Air is clear and hot, to where 
tis rainy, in one Day. Maffeus writes thus: There 
dare, ſays he, other things very ſtrange in that 
Country; but what eſpecially puzzles Naturaliſts 
is, that in the ſame Months there ſhould be Sum- 
* mer beyond the Mountains of the Gate, which 
* run all the way to the Promontory of Cours, and 


on this Side the Gate there ſhould be Winter, 


and conſtant Rains; the People, tho? near one 
another having oppoſite Seaſons.“ So far Maffeus. 

AND this is obſerved alſo in other Places, as we 
have and ſhall ſhow. It ariſes from the Situation of 
the Mountains which divides Cormandel and Ma- 
labar, running North and South, together with the 
ſtated Winds ; for on the Shore of Cormandel the 
general Wind is more felt, except in the Summer 


| Months of May and June, which drives the Va- 


pours againſt the Mountains, which makes Rain 


in Malabar z the Mountains are ſtill obſerved cover- 


Fs ed 


but when it rains in Cormandel the Sky is clear on the 
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ed with Clouds in the wet Months, and the Showers 
more vehement on them when it rains in Malabar : 


Mountains, as in Malabar itſelf; excepting the 
Months of July and Auguſt, for then it rains in both. 

15, IN the Countries on the Coaſt of the Sea 
at the Mouth of the Ganges, which are oppoſite 
to the Shores of Cormandel, and are alſo in the 
North Torrid Zone ; as Siam, Begu, the Peninſula 
of Malacca, the rainy Months, which cauſe the 
Rivers to overflow, are September, Otftober, and 
November; but in the Land of Malacca it rains 
every Week of the Year twice or thrice, except 
in the Months of January, February, and March, 
in which there 1s a continual Drought ; this is 
all againſt the Sun's Courſe, whence the Cauſe 
muſt be from the Mountains, or ſtated Winds, 
or the adjacent Sea, But becauſe we have not Ob- 
ſervations of theſe Countries accurate enough, we 
will not inſiſt on them. The overflowing of the 
Rivers is the chief Cauſe of the Fertility : and the 
adjacent Sea, the ſtated Winds, and the Rivers, 
temper the Heat there, which makes it pleaſant 
living; there being a plentiful Crop of all kinds of 
Fruits. In the Kingdom of Patana,- and near it, 
the Summer begins with February, and laſts to 
the end of October; in which Time there is a con- 
ſtant Heat, which is moderated with a conſtant 
Faſt Wind, and the Air very wholſome. In NM. 
vember, December, and January, there are conſtant 
Rains, which yet hinder not a new Crop of Fruits 
every Month; and the ſame may be ſaid of Can- 
baya; and this Winter agrees with the Sun“ 
Core. 8 

I. LEAVING Ala, and failing thro? the 
- Pacific Sea, we come to America, which is under 
'the Torrid Zone, and it is either North or South ; and 
the South is either at Peru or Braſil, which, tho 
> | | meal, 
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near, yet have their Seaſons at different Times. 
The Country of Peru may be divided into that 
Part on the Sea, that where the Mountains are, 
and the Plain beyond the Mountains, which are 
all in the ſame Climate. In the mountainous 
Places they have their rainy Winter from October 
to the end of March, when one would think they 
ſhould have Heat from the Sun's Nearneſs ; and 
have Summer from April to October, in which Time 
they have no Rain, which they have conſtantly in 
Winter; and fo the celeſtial and terreſtrial Seaſons 
differ. | | 
IN that Part of Peru next the Sea they have 
almoſt no Winter the whole Year, having no 
Rain; but they count it Winter from April to O7o- 
ber (which agrees with the Heavens, for then the 
Sun is gone from them to the Tropic of Cancer, 
and is returning again): for tho? it doth not rain 


| then, yet the Air is cloudy, and the Sun hid, and 


it looks as if it were juſt going to rain, when 
yet none falls, except a Dew, eſpecially in June, 


Juh, and Auguſt, every Day before Mid-day : and 


the dark Weather is not unwholſome, but the Cloud 
turning to dew it falls down and waters the Val- 
lies. It doth not then rain on the mountainous 


Places, but the Air is clear. Thus Part of Peru 


on the Shore, is diſtinguiſhed into Vallies and ſan- 


dy Places; the Vallies are moſt fruitful, and the 


ſandy Places between the Vallies are barren : and 
in the adjacent Iſlands likewiſe it never rains; only 
there falls a great Dew. - 
YET in the Ifland of Gorgon, which is in three 
Degrees of South Latitude, it rains for eight 
Months, with ſuch Thunder and Storms that one 
would think Heaven and Earth were blended to- 
gether ; but in May, June, July, and Auguſt, there 
5 Summer, and a Drought z againſt the celeſtial 


Seaſon. 
F 4 : "I 
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IN ſome Parts here under the Torrid Zone there 
is a conſiderable Cold; for in the Province of Pa- 
ſtoa, in the Country of Popay, in the Valley of 
Artiſina, the Seaſons both of Summer and Winter 
are ſo cold that the Corn does not grow. In the 
Fields about the Town of Caſco, near the middle 
between the Equator and Tropic of Capricorn there 
is no ſmall Froſt ; and Snow is found there ſome- 
times. | | 
FROM hence we underſtand that Peru is not very 
hot, but enjoys rather a moderate Air all the Year, 
excepting the ſandy Ground and hilly Places. The 
Vallies appear fruitful and pleaſant, with their pro- 
duct of Trees and Corn. They have their Water 
from the Dew that falls, as I ſaid, every Day; and 
in Summer from the Torrents that flow down from 
the mountainous Places ; for there is Winter by the 
conſtant Rains : and from theſe Torrents they let 
in the Water to their Vallies; tho' ſome V allies 
are ſatiated with the Dew itſelf, and are very 
tertile. i 
I HE Cauſe of this Difference between the Sea- 
ſons on the Plains and the Mountains of Peru, and 
why it never rains in the Plains, is not ſo obvious: 
jor they are ſo near one another, that one may go 
from the Rain in the Morning to the Plain where 
there is a clear dry Air. It ſeems to come, 1. 
From the Chain of Mountains. 2. From the South- 
Weſt Wind peculiar to that Place, and which is 
conſtantly there. The Wind drives the Vapours 
againſt the high Places whereby they are conden- 
ſed, or elſe it diſſipates them ſo that they are not 
condenſed on the Plains, We ſhewed in the Chap- 
ter on Mountains how they come to theſe high 
„„ ooo prnalt boo 1 
PERU hath. this in common with Egypt, and 
ſome other Places, that the South Winds are not 
wet and warm, but rather clear up the Air; 24 
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ſeems to be in all thoſe Places 1n South Latitude. 

17. THE South Part of America call'd Braſil, 
on the Eaſt Side between two Degrees of South La- 
| titude to twenty four Degrees, hath ſo pleaſant and 
wholſome an Air, that no Place excels it, as Piſo 
on the Seaſons there, in his Book of the Medicine 
in Braſil tells us: it's forepart that is inhabited hath 
always a pleaſant and favourable Gale from the 
Eaſt, which ſeems to be the general Wind and not 
any ſtated Eaſt Wind, that refreſhes Man and 
Beaſt, keeping them from the intolerable Heat of 
the Sun that is juſt above them : and if the Sea flow 
with it, it comes early in the Morning, but if the 
Sea flow back from the Shore, tis plainly perceived 
to be later: nor doth it grow weak in the Evening, 
as in ſeveral Places of India, but is ſtrengthned 
with the Sun that moves with it weſtward, and 
continues briſk till after Midnight. Nor can the 
nocturnal Condenſations overcome the Dilation and 
natural Motion of the Air that Way. 

ON the Weſt Side of Braſil, which ſeparates 
the vaſt tract of Mountains from Peru, there is a 
Weſt Wind, which tho? it be unwholſome and late 
at Night moleſts them by coming over a vaſt many 
unwholſome Bogs, yet it is reſtrained by the Moun- 
. tains, and beat back by the morning Gales, that it 

ſcarce reaches the eaſtern Shores. 

T HOSE pleaſant Seaſons, tho* they continue 
without much Alteration, yet there is a Difference 
in the Night and Day of them ; which differ as 
much, as to heat and cold, as they are equal in 
length : for when the Sun comes near their Zenith, 
and hath opened the Pores of the Earth and of 
their Bodies, it goes far under the Horizon; whence 
ariſes a greater Condenſation and Coldneſs in the 
Air in the latter Part of the Night, when the Dew 
falls more plentifully ; and this rigid Cold continues 
from three in the Morning, about Cock-crowing, 

| | to 
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to the Sun-riſing ; and affects their Bodies fo as to be 
hurtful to Strangers; and if they guard not againſt 
it, they will have no pleaſant Life, either there or 
on the other Coaſts of India; which they in Braſil 
know well; and therefore have good Fires con- 
ſtantly at their Beds in the Night, againſt the cold, 
and venemous Inſects. : 
MOREOVER, the Sun's riſing and falling 
ſtraight up and down makes a ſhort Twilight; and 
the Days and Nights to be ſo equal, as not to be 
one Hour different. | 
IN the Summer Nights the Cold is more in- 
tenſe than in the Winter Nights; which is ſtrange: 
and it 1s plainly perceived to be more mild in Winter, 
when the Air is calm and preſſed on all Hands by 
Clouds, while *tis gathering che Vapours into Rain. 
T HE beginning of the wet Seaſon is in March 
or April, and is over in Auguſt ; for the Sun return- 
ing from Cancer doth turn the Vapours into Wind ; 
whence ariſe Storms and Whirlwinds, which the 
Spring doth ſoon ſertle. Thoſe about the Tropics 
find no change as to the Seaſons while the Sun 
comes to them, and goes from them twice in the 
Year, as ſome have thought; (tho' we have given 
Examples to the contrary, and even here in Bra- 
fil) but only when the Sun goes from the Equator 
either South or North. | . 
THERE are only two Times of the Year, 
one hot and dry, called Summer, the other hot 
and wet like the European Summer, which is their 
Winter, which is obſerved in all the Indies between 
the Tropics. The beginning and end of Sum- 
mer and Winter doth not happen at the ſame time, 
becauſe of ſome Things peculiar to each Place, 
and the different Diſtance from the Equator; yet 
the Year may be ſaid to contain fix Months inclin- 
ing to a wet, and the other ſix to a dry Air. And 
tho* in ſeveral Coaſts of Africa and Ajia, * the 
ame 


ſame Latitude with us, there ariſe from thence dif- 
ferent degrees of Heat, there is little or none, tho? 
the Sun goes juſt over their Zenith in Braſil in Ofto- 
ber and February, and ſtrikes the Earth with Rays 
almoſt perpendicular. 

THIS diverſity of Heat threats Death to the 
Inhabitants by the frequent noxious hot Calms ; but 
here 1t promiſeth conſtant Health by an over- ruling 
Gale. s 

WHENCE we may learn that the Seaſons are 
not ſo much from the Sun's Motion as from the 
kinds of Wind, and the different Aſpects of the 
Stars, or Situation of the Place. 

SO that in the inland Parts of Braſil towards 
the Weſt, the Nights have been ſo much colder 
than nearer the Sea, that the Hair of the Head 
| hath been covered with Hoar-froſt in the Morning. 

AND there is alſo in the weſt of Braſil a Sum- 
mer and Drought, at the ſame time that there is in 
the Eaſt, Winter Rains, and dark Weather. 

YO U may indeed often ſee the Heavens cover- 
ed with Clouds brought from the Eaſt to the Welt, 
but they are thin and much rarified, when the wet 
Days are not. The Sun when rifing or ſetting may 
be looked on with ſteddy eyes; there is a wonder- 


ful clear Sky every where, eſpecially in the evening, 


and the Moon that ſucceeds in the Night finds no 
Vapours or Clouds in the Air; it being fo clear that 
the old and new Moon may be ſeen in one and the 
ſame Day; and Letters may be read when *tis bug 
quarter Moon. 
| THE different Aſpect of the Planets, with o- 
ther concurring Cauſes, gives a bad Temperature 
1 the Air, which in the Evening flaſhes frequent- 
K Lightning, even in the cleareſt * drieſt 
Sea ns. - "Ei 
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T HE Drops of Rain are very large, and fall 
down with great Force; and there is a ſuffocating 
Heat that follows, or goes before them. 

THE Dew here, eſpecially in Summer, is fat- 
ter than that in Europe, and more fertile, being 
more impregnated with Nitre, and more penetra- 
ting; being more refined, as appears in it's corro- 
ding all Metals, eſpecially Iron; not to mention 
other Things that are leſs ſolid, 

' T HE Meadows and open Fields, tho? leſs than 
in Summer, yet moſtly in rainy Months, are de. 
lightfully green, however diſcommoding to the In- 
habitants; and tho? they can have no Harveſt then, 
there is Food for their Cattle. So far from Piſs, 
And to make the better Judgment we ſhall men- 
tion ſomewhat from other Authors. All the Fields 
in Braſil riſe into little pleaſant Hills; there being 
no high Mountains on the Shores, tho? at ſome 
Diſtance there are ſeen a few here and there among 
the dry Hills; and not in every Place, but at the 
interval of ſome Miles there are Vallies, watered 
with little Rivers, which make them fruitful, not 
in the rainy Months only, but even in Summer. 
The Hills themſelves are by the Heat of the Sun 
dried up, that not only Graſs, but the very Trees 
ſometimes die. It ſeldom rains all Day, and al! 
Night too ; and very ſeldom for one Day without 
intermiſſion. . The rainy Months are not always 
the ſame. In the Year 1643, as Marcgrave obſer- 
ved, it rained ſeven Months, from the firſt of 
February to the firſt of September, but eſpecially 
in May and July; and in 1640 it rained the ſame 
time, but eſpecially in April, May, and Jul); 
and in 1642 there were ſix rainy Months, March, 
April, May, June, Fuly, and Auguſt; and it is 
much alike in other Years, Yet theſe Obſerva- 
tions are only concerning one Place in Brafil, viz. 


Pernambuca, in eight Degrees Latitude; but 
| thoſe 
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thoſe are not the rainy Months in all Places; nor 
does the Rain begin and end at the ſame time in 
every Place, | 

IT hence appears, that the Summer and Win- 
ter in Braſil, ſomewhat agree with the celeſtial 
Seaſons ; the Rains begin at the Sun's greateſt Di- 
ſtance z and in the mean and leaſt Diſtance ſouthward 
there is Heat: tho? there are in ſome Places ſome 
Things that do not ſo well agree, becauſe of the 
Winds and Situation of the Places. | 

18. SO much for South America. But North A- 
nerica is quite otherwiſe ;z for in Nicaragua, a large 
Province, whoſe middle is ten Degrees North La- 
titude, it rains fix Months, from the firſt of May 
to the firſt of November ; in the other Months *tis 
hot and dry in the Night as well as the Day, which 
is againft the Sun's Courſe ; for in May, June, 
&c. the Sun 1s at, or near, the Zenith, and then 
they ſhould have Heat and Drought, and not 
Rains; and in November and December tis more re- 
mote, and then there ought to be great Rains. 

THE Mountains at &? Martha, in eleven De- 
grees North Latitude, are for the moſt part co- 

vered with Snow. "= 

THUS we have conſidered the Seaſons in the 
Torrid Zone; from which we infer, 

1. THAT there is ſcarcely any Cold to be 
felt in ſome Places; their Winter conſiſting in 
rainy Weather, 2. In ſome Places the Cold is 
| ſenſible enough. 3. In the Night eſpecially, tis 
cold in the laſt Watch; the Sun going ſo far under 
the Horizon. 4. One great Reaſon why the Heat 
is tolerable, and the Places there habitable, is, that 
there are no long Days, but all near of the ſame 
length with the Nights; for if they were as long 
as in the Temperate and Frigid Zones they could 
not be inhabited, at leaſt not eaſily, 5, The 
Winds much leſſen the Sun's Heat, 6, Places 


have. 
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have Summer and Winter at different Times, tho 


in the ſame Climate, ar d near one another .7. The 
Places that have Heat and Drought - againſt the 
Sun's Courſe, are ſituated in the Weſt, having a 
Chain of Mountains on their Eaſt Side; excepting 
Peru. 8. The Seaſons in different Places obſerve 


no certain Law. 9. Moſt Inhabitants in the 


Torrid Zone count two Seaſons, as ſome Writers 
do, viz. wet and dry; yet there may be counted 
four, taking in a Spring and Autumn ; for as with 
us the Spring comes near 'to the Nature of Sum- 
mer, and Autumn to that of Winter; ſo may 
the dry Seaſons in the Torrid Zone be divided, 


- 10, In ſome Places there 1s a continual Autumn, 


in others only twice in the Year, and in ſome 
only in one Part of the Year. | 


PROPOSITION XII. 
To ſhow how the Seaſons are in the Temperate Zone, 


1. IN this Zone the Cauſe, firſt mentioned, 
in the firſt Propofition of this Chapter, viz. the 
Sun's approaching to, or withdrawing from, the 
Place, is ſo powerful, compared with other Cauſes, 
that it doth almoſt rule the Seaſons here of itſelt, 


For in the North Countries of the Temperate Zone, 


Spring and Autumn are while the Sun goes from 
Aries, by Cancer, to Libra, for then 'tis nearer 


them ; then going from Libra, by Capricorn, to 


Aries again, *tis Autumn and Winter ; but in the 
South Temperate Zone tis quite the contrary : nor 
do other cauſes quite take away the force of this 
cauſe, as they do in the Torrid Zone. 

2. YE I the Seaſons differ in different Places, ſo 


as to make more cold or hot, rainy or dry Weather 


in one Place than in another, tho” both in the 


. ame Climate; yet they do not turn Winter to 


Summer, 


Cu A. 26. of Univerſal Geography. 607 
summer, nor Summer to Winter; for ſome Land 
is rocky, ſome boggy, ſome near, or far from the 
Sea; and ſome places ſandy, others of Clay. 

| 2. MOST Places near the Tropic are very hot 
in Summer; and ſome have a wet Seaſon almoſt 
like that in the Torrid Zone. Thus in that Part of 


wet and dry Months as within the Tropic, and 
the Summer is changed into wet Weather; yet 
there is greater Heat there, as the Sun's nearneſs 
requires, than in the dry part of the Year, when 
there is ome Cold; and we judge not with us of 
Summer and Winter by dry and wet, but by Heat 
and Cod. 1 
AND on the Shores of Perſia, and in Ormus, 
there is ſo great Heat in Summer, from the Sun's 
nearneſs, that both Men and Women fleep all 
Night in Ciſterns full of Water, and in Arabia 
'tis as hot. | | 
THRO almoſt all Barbary (for ſo the Coun- 
tries of Africa on the Mediterranean are called) after 
the middle of Ofober there begins a raw Cold 
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eat 


, and Rain, as Leo Africanus relates; and in Decem- 
ay ber and January the Cold is more intenſe (as *tis 
1e every where in the Temperate Zone), but that is 
$, only in the Morning; nor do any then care for a 
; Fire, In February the moſt part of Winter is over, 


but the Weather is ſo inconſtant as to change five 
or ſix times in a Day; and in March the North 
and Weſt Winds blows very ſtrongly, and fill 
all the Trees with Bloſſoms, and in April the 


he Fruits are all ſhaped; ſo that in the end of April, 
5 or beginning of May they have Cherries naturally, 


and in the middle of May they gather Figs from 
the Trees, and ripe Grapes are found in ſome 
Places in the middle of June; their Harveſt Figs 
are pulled ripe in Auguſt : but theſe and the Per- 
fon Apples are moſt plentiful in September, Ry 


Guzarat, beyond the Tropic, there are the ſame 
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always temperate; they count their terreſtrial 


end the eighteenth of May; in which time they have 
always a pleaſant Gale: if they have no Rain be. 
tween from the twenty fifth of April to the fifth 
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ſtant Winter from O#ober to April, and from Apri 
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THE Weather in no part of the Year is ſo unſea- 
ſonable as not to have the three Months of Spring 


Spring to begin the fifteenth Day of February, and to 


of May, they count it a bad Omen ; they count 
Summer to laſt *till the ſixteenth of Auguſt, in 
which time they have a very hot and clear Air; 
they place their Autumn between the ſeventeenth 
of Auguſt and the ſixteenth of November, and in 
theſe two Months their Heat is not ſo great: yet 
the Antients counted the Time between the fil. 
teenth of Auguſt to the fifteenth of September to be 
the Baking Time of the Year, for then the Figs 
and Quinces, and ſuch kind of Fruit were ri 
pened, and their Winter they count begins the 
fifteenth of November and laſts *till the fourteenth 
of February; and when it begins they begin to 
till the Plains, but not the Mountains *till Os 
ber. They are perſuaded the Year hath always 


forty Days very hot, which begin the twelſth of 


June, and as many very cold, which begin the 


_ twelfth of December. The ſixteenth of March and 
of September is their Day of Equinox; and the 


Day of Solſtice is the ſixteenth of June and Decen- 
ber. They have great Winds in the end of Au- 
tumn, all Winter, and a good' part of the Spring; 
and are much troubled with Hail, Lightning, and 
terrible Thunder; yea and abundance of Snow in 
many Places, which ſpoils their Corn, eſpecially 
when it falls in the day=time, and the Corn is in 
Flower, as Peaſe, Beans, c. 
IN the Mountain of Atlas, which is thirty De- 
grees thirty Minutes North Latitude, they divide 
the Year only into two Parts; for they have a con- 
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to Ofober again is their Summer; yet there is no 
Day in which the tops of the Mountains are nog 
covered with Snow. | 

IN Numidia the Seaſons of the Year paſs away 
ſwiftly 3 for in May they gather their Corn, and 
in OZober their Dates; and from the middle of 
September there 1s a great Cold that laſts until 
January. | | | 
| WHEN there is no Rain in OZober the Huſ- 
bandman loſes all Hope of ſowing his Corn; 
and fo alſo if April have no Rain. And Leo 
Africanus tells us, there are a great many ſnowy 
Mountains not far from the Tropic of Cancer, 

THE North Part of China, tho* in a Lati- 
tude not greater than that of Italy, extending 
from thirty Degrees to forty two of Latitude, yet 
the Cold feels very ſharp, ſays Trigautius, for the 
great Rivers and Lakes are frozen. The Cauſe 
Jof which is not ſufficiently known, except we 
may ſay the Cold comes from the ſnowy Moun- 
tains in Tartary that are not far off: Which 
(Cold they guard againſt by the Skins of large 
Foxes, and Scy/hian Martins, which abound 
there. | 
NEW Albion, tho* forty two Degrees North 
atitude, and as near the Equator as Hal), yet 
s ſo very cold in Fane, that when Drake, the 
lp Admiral, went there he was forced to go 
Pack to the South Part; the Mountains being 
hen covered with Snow: the Cauſe thereof is the 
old Conſtitution of the Ground, being, ſtony, 
IN Eygpt, which is bounded with the Tropic 
If Cancer, the Spring (as Proſper Alpinus tells in 
s Book of the Egyptian Medicine) and tempe- 
ate Time of the Year is in January and Febru- 
yz and Summer begins in March or April, and 
ts June, July, and Auguſt; and Autumn is in 
ptember and October; and the Winter in No- 
VOL. II. G vember 
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vember and December, At the beginning of April 
they cut their Corn, and thraſh it immediately, 
and not an Ear is to be ſeen in the Fields after 
the twentieth of May, nor Fruit on the Trees, 
and the River begins to overflow the fifteenth of 
June. FR Pd 

I'N the Streights of Magellan, and the adjacent 
Countries, tho? they have not a greater Latitude 
than we have; being fifty two Degrees South; 
yet their Summer is not very warm, fo that the 
Dutch found, in a Bay in the Streights, a large 
Piece of Ice in January, which ſhould be the 
hotteſt Month with them; and on the Mountains 
on the Shore is ſeen Snow all the Summer: and 
it is found that in all the Countries of the South 
Temperate Zone the Cold is greater, and the Rains 
heavier, and in the Summer leſs Heat than in 
the North Temperate Zone. I doubt whether the 
Cauſe of it be, that the Sun ſtays longer in the 
north part of the Ecliptic, and moves ſlower there 
than in the ſouth part. 

IN the Neighbourhood of the City of Pen, 
in the Province of Potoſi, there is ſuch a Cold 
that nothing grows for four Miles round it. 

IN the Kingdorn of Chili, which extends from 
thirty Degrees of South Latitude to fifty Degrees, 
the Spring begins in the Month of Auguſt, ſooner Bl 
than it ought by the Sun's Courſe, and ends at the 
middle of November; and from that to the midde WM 
of February there is Summer; and then follow Mi 
Autumn to the middle of May, when the Winte Wh 
begins, which is very ſtormy and wet, and carris 
the Leaves from the Trees, and brings deep Snow, 
with great Froſt ; which is ſoon melted by the Sm 
if it be not hid behind the Clouds for ſome Day; 
which is rare; but there ſeldom falls Snow di 
the Vallies ; tho? it falls in great Quantity on hig 


Places, and gathers between the — 1 
8 ä eap 


9 
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Heaps as high as the Mountains, and continues 
there almoſt all the Lear; and when it melts it 
ſwells the Kivers, which run violently to the Sea, 
and overſpread the Land, which makes it very 
fruitful : but tho? it ſnow ſeldom in the Vallies, 
yet it is vehemently cold there, not inferior to 
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It that in many Places of Europe: partly becauſe 

le of the great Latitude, and partly from a ſubtle pe- | 
3 netrating Wind that comes from the Mountains; 15 
he which is ſometimes inſupportable, and makes the V 
ge Places near tlie Sea more temperate. 5 
he THE Reader may find from Writers other - 
ns Places different in their Seaſons, tho' in the ſame 


nd Climate, or near it. For Example; the Air in 
ath England is not ſo cold as in Holland or Germany: 
ins ſo that the Cattle are not put into Stables in 
in Winter. There is between Tartary and Siberia, 
the a Place in the Frigid Zone, or the North part of © 
the the Temperate where are excellent Fields, plea- 
nete ant Meadows, and ſcarce any Cold or Winter 
where is built the City Toorn, which is now in- 
creaſed ſo as to repel the Inſults of the Tartars. 
IN Japan, which extends from thirty one De- 
prees to thirty nine, North Latitude, there is a 
old, ſnowy, and wet Winter; when other Places 


i 
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res, in Europe of the ſame Latitude have not ſuch 
one evere Cold, becauſe Japan is divided by ſeveral 
at the WS reights and lies in the middle of the Sea. 
adde E IN America, and other Places near it, there 
lows great Heat in Summer; for it lies among ma- 
Vine A little Hills: and the rich go in Summer to 
arti e Tops of them, and ſtay there for ſome Months; 
Ino, 


ut the poorer Sort only go up in the Day- time, 
nd come back in the Evening. 


G 2 PRO: 


rizon, that no Degree of the Ecliptic, from the 


DIS © The Relative Part SEC r. VI. 


P ROPOSITION XIII. 


To ſhow how the Seaſons are, and what  Day-light 
they have, in the Frigid Zone, 


THE Cauſes of the Seaſons and Day-light, 
delivered in the beginning of this Chapter, are 
thus in the Frigid Zone. 

1. THE Sun's Center doth not rife above the 
Horizon for ſome Days, or Months, according 
to the Sun's Diſtance from the Pole. 

2. WHEN the Sun 1s above their Horizon 
it ſends it's Rays obliquely to them, while it re- 
volves about the Horizon. 

3. THE Sun does not go far under the Ho- 
rizon, even in Places at, or near, the arctic Pole; 
and tho? it's Center doth not riſe, yet it's Limb 
appears for ſome Days before the Center riſeth; 
for the Sun's Semidiameter ſubtends an Angle of 
fifteen Minutes. For Example; Take a Place 
near the arctic Pole, whoſe Latitude is ſixty ſeven 
Degrees, and elevate the Globe to that Latitude, 
and you will ſee, at the North Part of the Ho- 


nineteenth of Sagittarius, to the eleventh of Ca. 
pricorn, or the Sun's Center, at thoſe Degrees wil 
riſe for twenty three Days, from the thirtieth of 
November to the Twenty firſt of December; and yet 


a Part of the Sun will be all that time above the 
Horizon. On the tenth of December the Limb ' 
touches the Horizon; thirtieth of November and 

twenty firft of December, half of the Sun will be [ 

above the Horizon, and it's Center in the Hor: . 


zon; and {when it's Center comes to the fourteenti 
of Capricorn it will be all above the Horizon, 


about the twenty fourth of December; and ſo whe! 
| | ys 1 
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in the ſixteenth of Sagittarius, or about the twen- 
ty ſixth of November. | 3 5 
BUT in Latitude ſeventy, or ſeventy five, the 
Difference between the riſing of the Center and 
it's Limb will be. ſmall, ſcarcely one Day, or 
one Day and a half; for the Declination of the 
Sun doth then begin to inceaſe and decreaſe ve- 
ry alt”? 
'F ROM this ſmall Depreſſion it follows, that 
they muſt have the Twilight before Sun-riſing, 
and after Sun-ſetting, for ſome Hours; and tho? 
the Sun riſe not for a whole Day, yet they will 
have the Light all or moſt Hours of the Day. 
THERE is another Cauſe why the Sun is ſeen 


before it be elevated above the Horizon ; viz. the 


Refraction of the Rays; of which we treated in 
Chap. xix. | | 

AN D not only the Sun appears ſooner, but the 
Twilight comes ſooner into the Air than it would 
do if there were no Refraction. We ſhall give an 
Example hereafter. * 

4. THE Moon when full, or nearly ſo, con- 
tinues many Days above the Horizon, when the 
Sun continues under it; and the longer the nearer 
the Place is to the Pole: yet it is not ſo high as 
to afford any Heat. But when the Sun continues 
above the Horizon for a whole Revolution, the 
full Moon is never above it. 

5. THE Y have almoſt always the ſame fixed 
Stars above the Horizon ; but not the ſame Pla- 
nets, Saturn is above it fifteen Years in Places 
near the Pole, and fifteen below it; and Jupiter 
fix above and fix below it; Mars one Year ; Mer- 
cury and Venus about half a Year, from whence 
may ariſe great Difference in the Seaſons there. 

6. THE Land is rocky or ſtony in moſt 
Places; and but in few Places ſulphureous, fat, 
bituminous, or of Clay : in the former Caſe, the 
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Land is ſomething barren, and in the later mo- 
derately fertile. | . 

7. THESE Places are ſurrounded with Sea. 
We know little of the inland Parts. 

8. SOME Countries in the Frigid Zone have 
pretty high Mountains; and ſome have none at 
all, but are ſtretched out into large Plains. | 

9. THERE frequently blow cold Winds from 
the Pole; the Eaſt Wind is rare, and the Weſt 
more rarely found there. In the cold arctic Circle 
the North Winds rage; but in the antarctic the 
South Winds. | | | 

10. THEY have frequent Clouds and Rain, 

FROM hence one may eaſily judge what Sea- 
ſons. they have; for in Winter, when the Sun 
doth not riſe for ſome Days it muſt be dark, cloudy, 
cold, and froſty, that cauſes the Places to be un- 
inhabited; but they are not quite without Light 

then, the Moon being long above the Horizon: 
and there will be ſome Twilight from the Sun in 
moſt Places, tho' both theſe Cauſes may be hin- 
dered by Snow, Clouds, and Rain; for when 
the groſſer Clouds are not diſſipated by the Sun, 
they continue near the Horizon, and one cannot 
ſee far, There is nothing growing there. What 
ſome ſay of the Land being more fertile, and 
the Air leſs cold nearer the Pole, does not ſeem 
probable ; for neither in Neva Zembla, which 1s 
but ſixteen Degrees from the Pole; nor Spitzberg, 
which is but eight Degrees, is there any ſuch 
thing; but rather Snow, Rains, and cold Winds 
in the very middle of Summer: nor doth it avail, 
that Sailors have found in Latitude eighty 

two, in Greenland, as they ſuppoſe, that the 
Graſs was green, and the Cold leſs than in Neve 
Zembla; and that no other Beaſts are found 
there but the Rain-Deer, a Species belonging 


to theſe North Countries. Theſe Deer are ſo 
5 2 fattened 
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fattened in one Month with the Herbs there that 
their Fleſh taſtes deliciouſly. 
BUT ſeeing there are no more Examples of 


| that kind in the Frigid Zone, we muſt not make a ge- 
neral Rule from it; eſpecially ſeeing a Reaſon may 


be given peculiar to that one; the Land being 
boggy and mooriſh ; and the Herbs nor ſo much 
Land-herbs as Sea-weeds ; which are fattening to 
the Deer, there being no other Herbs nor any 
Trees on the Spot. The Land contains a fat 
ſulphureous Subſtance, which being mixed with 
Sea Water or River Water, brings forth ſuch 


fat and oily Herbs; and the like Ground is not 


found in other Places, but rather the quite con- 
trary. 85 

IN theſe Places therefore there 1s little Light, 
but great Snows, Showers, Cold, and Winds 
from the Pole ; which begin when the the Sun enters 
Capricorn; tho* in Autumn, when the Sun 1s 
going from the firſt of Libra to the firſt of Ca- 
pricorn, they rage almoſt as much: but in Spring 
the cold Weather is more temperate, yet not 
without Snow, Rain, and cold Wind from the 
Pole. The Cold begins to be moderate as the 
Sun goes from the firſt of Aries to the firſt of Can- 
cer; and in that time, or after, the Sun is above the 
Horizon for whole Days; when the Heat begins; 
but *tis not ſo great as to melt all the Snow, much 
leſs the Ice. Wherefore Seamen tell us, there are 
Snows and Ice that have lain in that Country for 
ever. Their Summer is from the Sun's entring the 
rſt of Cancer, to it's coming to the firſt of Libra; 
in the former Part of it, the Sun is alſo whole 
Days above the Horizon, and thereby increaſes the 
Heat a little: ſo that June, July, and Auguſt, are 
more mild; and in ſome Places the Heat is conſi- 


derable among the Mountains. But this is often 


hindered by Rains and Clouds, and cold North 
G 4 Winds, 
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Summer ſo bound up with Ice, that it ſeemed to 
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Winds, and ſometimes Snow ; ſo that no Corn can 
ripen, except in ſome Places near the arctic Circle, 

THAI the Reader may the better judge of theſe 

Things, it will not be amiſs to give ſome Account 
of what the Dutch obſerved in the Frigid Zone, when 
ſailing the Streights of Yaygai's and Nova Zembla : 
for Stydents may therein find ſomething to make 
them better acquainted with the uſe of the Globes. 

FUNE 13, 1594, New Style. About fix Miles 
from Nova Zembla, when the Sun did not ſet, they 
meaſured it's leaſt Altitude at twelve at Night, and 
found their Latitude ſeventy three Degrees twenty 
five Minutes. Ef | 

OTHERS obſerved the ſame Day, but in 
Latitude ſeventy ſeven Degrees twenty Minutes, 
a great Quantity of Ice, which ſeemed to cover 
the whole Sea, ſo far as they could ſee from the 
top Maſt. | 
ON the twenty firſt of Auguſt they could not paſs 
thro' the Streights of /Yayga!'s for the great Quan- 
tity of Ice that came from the Tartarean Sea, and 
that thro' the whole Summer; ſo that they were 
forced to return without doing any thing. 

IN another Voyage they found, on the fifth of 
June, the meridian Altitude in the North one De- 
gree; from which their Latitude was ſevent, four 
Degrees: and the Sea was coyered with Ice, 

ON the nineteenth of June they found, from 
the Sun's Height, their Latityde eight Degrees 
eleven Minutes, about Greenland or Spitzberg. The 
Engliſa ſurveyed the Shores to Latitude eighty two 
Degrees; but found the Sea in the middle cf 


be a part of the Land; and there was a thick 
Cloud, or groſs Vapour above the Sea, ſo that they 

could not fee far. | 5 
ON the eleventh of Auguſt 1596, in Latitude 
ſeventy ſix, about Nova Zembla, they found 1. 
nat 
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that reached to the bottom of the Sea; and on 
the twenty ſeventh Day they found their Ship ſo ſur- 
rounded with Ice, that they were forced to Winter 
there, without ſeeing the Snn, | 
ON the twenty ſixth of September, the Cold was 
ſo ſevere that they could ſcarcely endure it: and 
the Snows were conſtant z and the Earth was ſo 
bound up with Froſt that it could not be dug ; 
nor could they. thaw it with Fires. N 
ON the firſt of September the Sun appeared a 
little in the South Meridian, above the Horizon; 
and the full Moon was elevated in the North, and 
was ſeen going round above the Horizon. | 
ON the ſecond of tho" they ſaw the Sun 


22 
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riſe South South-Eaſt ; tho? it did not riſe wholly, 
but went along in the Horizon to South Sourh- 
Weſt. FEE 5 
ON the third of November they ſaw the Sun riſe 
South and by Eaſt ; that is a Part of it, tho? they 
could ſee it all from the Top of the main Maſt. 

ON the fourth of November, tho' the Air was 
calm and clear, yet they could not ſee any of the 
Sun; but the Moon was then ſeen for whole Days 
being at the Full; and the Cold was moſt vehe- 
ment: and after that, no Fire could warm them, 
and the Snows and Winds were fierce. 

ON the ninth, tenth, and eleventh of December 
the Air was clear; but ſo cold that our Winter 
was not to be compared with it; and the Stars 


were ſo clear that it was pleaſeant to ſee them re- 
volve. HA * 
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THE Sun did not riſe all that time; yet they 
had ſome Twilight, in the South eſpecially : for 
there they have moſt Twilight at twelve o'Clock ; 
which makes their Day in the Winter, 
ON the thirteenth of January the Air was clear; 
and from that time they found a ſenſible increaſe 
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in the Twilight, and fome diminution of the Cold, 


and a ſmall Heat at Mid-day. 
ON the twenty fourth of Fanuary the Air was 


alſo clear; and then they firſt ſaw the Limb of the 


Sun- in the South ; and afterwards the whole Sun 


above the "5% pau 


ON the ſecond of May a ſtrong Wind removed 
the Ice from certain Places ; in the Sea, they had 
a ſmall Heat ſome Days, but moſtly cold Winds, 
Snow, and Showers. 

IT is remarkable in theſe Obſervations, that the 
Sun left them the ſecond of November, which 
by Refraction (that makes it appear nineteen 
Days ſooner) ſhould not have been ſo ſoon. It 
ſeems the Difference in the Atmoſphere may cauſe 
ſomething of this; for the Sun coming to the Ho- 
rizon after three Months abſence, the Air was there 
thicker and groſſer than it was in the former Year; 
when the Sun had been long under the Horizon, 
Yet I doubt whether the Diverſity of the Air can 
cauſe it to diſappear ſo many Days ſooner ; and it 
was otherwiſe obſerved by thoſe in 1634, when 
they wintered at Spitzberg: for the Sun did then 
leave them the ninth of October, and after a long 
abfence appeared again the thirteenth of February 


1634; and theſe two Days are almoſt equidiſtant 


from the eleventh of December. And in the laſt of 


the two Obſervations, they might eaſily err a few 


Days; for being in their Bed they did not obſerve 
the Sun riſe on the tenth, eleventh, and twelfth of 
February : or ſome Clouds d ar un might hinder 
their r it THY 
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Of the Shadgws which upright Bodies caſt when 
enlightened by the Sun; and of the Diviſions of 
the Earth that ariſe therefrom. 


EEING Bodies in different Places of the 
_J Earth caſt ſhadows which are directed to diffe- 
rent Points; and that other Varieties are obſerved 
therein; Men have admired hereat, as not know- 
ing the Cauſe, And the Inhabitants of the Earth 
are thereby divided into three Sorts ; which Divi- 
ſion is alſo applied to the Parts of the Earth's Su- 
perficies they inhabit; whence ſome are called 
Anphiſcii, others Heteroſcii, and the reſt Peri/cn ; 
which we ſhall explain a little, tho? it belongs not. 
directly to Geography. 1 
SHADOWS take their Denominations from 
the Points they are ſtretched out to, as the Oriental 
Shadows, or Occidental, from the Sun's being Weſt 
or Eaſt ; but we are to conſider thoſe chiefly that 
are in the Plain of the Meridian; from upright 
Bodies, the Sun being in the Meridian: and theſe 
are either North or South. 5 

THE HETE ROSCI1 are thoſe that have 
the Shadow of upright Bodies tending to the North 

or South, every Day of the Lear. 
PERISCTI are thoſe that have ſuch Sha- 

| dows going round to all Points in one Day. 
Ne  _AMPHISCIT 
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AMPHISCTI are thoſe that have ſuch Sha. 
dows tending to the North ſome Days; and in o- 
ther Days to the South. But not to exclude Places 
in the Tropics, for this laſt kind we ſubſtitute 
the Aſcii, who on a certain Day of the Year have 
no Meridian Shadow; and theſe are either 1. An. 
phiſcii, that have no Meridian Shadow on two 
Days of the Year; or on ſome Days that Shadow 
tends to the North, and on other Days to the South: 
or, 2. They are Heteroſcii, who on one Day have no 
Meridian Shadow; and on the other Days the Sha- 
dow is always ſtretched to North or South. 


PROPOSITION I. 


The Shadow of upright Bodies tends to a Point oppoſitt 
to that in which the Sun is. 


T HOSE that are ſkilled in Optics and Dial- 
ling tell us, that the Shadow, the dark Body, and 
the Inminous Body are all in one Plain ; and the 
end of the dark Body of the Shadow, and the lu- 
minous Body are in one Line; for the erect Body 
and it's Shadow with a Line from their two Ex- 
tremities, conſtitute a Triangle, the three Sides of 
which muſt be in one Plane; and the Body being 
upright, the Plane thro' it muſt be fo alſo; and 
thus in a vertical Plane. And becauſe the upright 
Body is between the Sun and the Shadow, theſe 
two muſt be in oppoſite Points. 

| THERE are three Parts in the Shadow; 1. 
The dark Part, which is terminated by a Line from 
the upper Part of the Limb. 2. The central 
Shadow, intercepted between the. Ray from the 
Center, and that from the upper Limb. And, 3. 
the Penumbra ; between the central Ray, and thc 
Ray from the inferior Limb. 


PR O- 


Y «a kl r b - 


Cu AP. 27. of Univerſal Geography. 62t 
PROPOSITION II. 


Thoſe that live under the Tropics are Aſcii- 
Heteroſcii. 


FOR when the Sun is in the Tropic of Cancer, 


or Capricorn, upright Bodies have no Shadows; but 


when the Sun goes nearer the Equator, the Sha- 
dow is projected to the North or South. 


PROPOSITION III. 


Thoſe that live in the Torrid Zone are Aſcii- 
Amphiſcii. 


FOR take any Point on the Globe, in that 
Zone; and the Sun will be twice in the Year in 
the Zenith of that Place ; and ſo there will be no 
Shadow of upright Bodies. But in other Days the 
Shadow is projected either to the North, if the 
Sun be to the South of them; or to the South, if 
that be to the North of them. 


PROPOSITION IV. 


Thoſe in the Temperate Zone are Heteroſcii. 


FOR the Sun all the Year is ſtill more ſouth- 
erly from thoſe in the North Temperate Zone, and 
more northerly from thoſe in the South Temperate 
Zone; whence the Shadow muſt always tend North 


to the one, and South to the other. 
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PROPOSITION v. 
Thoſe in the Frigid Zone are Periſcii. 


FOR the Sun doth not ſet to them for ſome © 
Days, but revolves above the Horizon ; ſo that 
the Shadow muſt turn round with it. | 


PROPOSITION VI. 


A Place being given in the Torrid Zone, to find when 
the Inhabitants there will be Aſcii. 


FIND hens the Sun will be cal to that 


Place, and there will be two Days when they will 


have no Shadow; as in Prop. iii. 


PROPOSITION VII. 


The Day of the Year being given, to find thoſe Places 
where the People are Aſciii, or without Shadows, 


FIND the Places that the Sun is vertical to 


that Day, by Chap. xxiv. Prop. ix. and thoſe are 
the Places, 


PROPOSITION VIII. 


A Place being given in the Frigid Zone, to find when 


the People there are Periſcii. 


FIND when the Sun will not ſet to them, by 
Prop. x, Chap. xxiv. and thoſe are the Days. 
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PROPOSTTION IX. 


The Day being given, io find where the People in 
the Frigid Zone will be Periſcii; and that the 


firſt Day. 


FIND the Places where the Sun begins not 
to ſet ; and you have the People there. | 


FROPOSITION Wt 
Thoſe under the Equator have the Shadow one balf of 
the Year to the North of them, and on the other 


| half to the South of them: and on the two Days of 
the Equinox they are Aſcii, ar without Shadow, 


THIS needs no Explanation. 
PROPOSITION XI. 


To place an horizontal Plane ſo as an upright Style 
on it bave no Shadow ſome Days; and on other 
Days project one either to the North or South, 
as it is with thoſe in any given Place of the Tor- 
rid Zone. c 


SUBSTRACT the Latitude of that Place, 
trom the Latitude of your Place (but add if of 
different kinds), and what Degrees remain make 
your upright Style bend ſo many ſouthward from 
the Perpendicular ; and the Plane to which the 
Style is perpendicular, bending along with it, will 
be the Plane on which Shadows will be projected 
as on the horizontal Plane in that Place of the 
| Frigid Zone. 
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PROPOSITION XII. 


In Places under the Equator the Shadow of an upright 
Style is in one right Line, all the equinoctial Days, 
being on the Weſt Side of the Style in the Forenoon, 
and on the Eaſt Side in the Afternoon ; but on other 

Days the Shadow turns in a Semicircle, 


IN Places in the Torrid Zone, while the Sun is 
between the Tropic and the Parallel in which the 
Place lies, the Shadow deſcribes leſs than a Semi- 
circle; and in Places in the Temperate Zone, while 
the Sun is in the South Part of the Ecliptic, the 
Shadow deſcribes alſo a leſs Space than a Se- 
micircle ; but in the North Part a greater Space, 
and in the Equinoxes the Shadow is carried thro' 
a Semicircle, excepting in the Equator, and at 
RE. 

THESE may all appear by in inſpection on 
the Globe; or by deſcribing a Figure. 


PROPOSITION XIII. 


In Places in the Torrid Zone, while the Sun is be- 
tween the Parallel of the Place and the Tropic neareſt 
to it, the Shadow then goes back twice, repeating 
the Directious to the ſame Points, once in the Fore- 
noon, and once in the Afternoon: and the Sun will 
then ſeem to go back, | 


ELEVATE the Globe to a Latitude leſs than 
thirty three Degrees thirty Minutes; and deſcribe 
the Parallel of that Latitude. I ſay while the Sun 1s 
between that and the Tropic, the Sun and the Sha- 
dow will ſeem to go twice back; and to repeat 
the ſame Directions. Apply the Quadrant of Al- 
titude to the Zenith, and turn it about till it _ 

* | 


4 
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the Parallel, in which the Sun is drawn on the 
Globe; and bring the Point of Contact to the Eaft 
of the Horizon, From the Sun in that Point 
draw a Line to the Zenith of the Place, and it 
will cut the Line of the Sun's Courſe in a Point 


higher above the Horizon, where the Sun will di- 


rect the Shadow the ſame way as when it was riſing ; 


having had other Directions repeated between theſe 


two. And the ſame will be on the Welt fide of 
the Sun's Courſe, where it will ſet in the fame 
Point it was in a few Hours before. | | 

THIS will appear alſo in Fig. 32. Suppoſe a 
Place in the Torrid Zone, as L, in which there 
is a Style erected; and let AMF be the Tropic, 
or the Sun's Parallel; and let the Sun be riſing 
in A: then the Shadow of the Style is projected 
in the Line La; and when the Sun comes to C 
the Shadow will be in the Line L c, and when it 
comes to G it will be again in the Line La, and 


| when it comes to the Meridian in M, the Shadow 


is directed South in the Line Ln, and when it is 
in E, and ſets in F, it will again have the ſame 
Direction. ES a {SLY SOT 


COROLLARY, 
*'TIS no Miracle that Shadows go back on 


| Dials, except they go back on a ſudden; or if they 


Point back to the ſame Hour-Lines, if the Style 
be not perpendicular, but parallel to the Poles : 


| and tho? it be perpendicular, yet the Line of Sha- 


dows doth not ſhow the Hour, except the Plane 
of the Dial be in the equatorial Plane. 
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PROPOSITION: XIV. 


A Plane being given in the Torrid Zone, and one 
of thoſe Days in which the Sun and Shadow ſeem 
10 go back; to find the Point in which the Sun 
then is, and the Hour when .it will be. 


ELEVATE. the Globe for the Latitude, and 
mark the Sun's Place in the Ecliptic, and draw 
with Chalk it's Parallel that Day; and applying 
the Quadrant to the Zenith, turn it about till i 
touch the Parallel, and it will be on that Point. 

AND to find the Hour, obſerve the Point of 
Contact, bring the Index to 12 on the horary 
- Circle, and bring the Point to the Meridian, and 
the Index will ſhow how many Hours the going 
back begins before or after Noon. . . 


PROPOSITION Xv. 
The Lengths of the Shadows decreaſe as the Sun riſes 


above the Horizon; and, vice versa, increaſe as th: 
Sun goes from Eaſt to South, and again decreaſe 
as it goes from South to Weſt. 


FOR the Sun, the higher it is, comes nearer 
to the Zenith of the horizontal Plane; and there- 
fore the Ray that terminates the Shadow comes 
nearer the Style of the Dial ; and the Shadow thus 
becomes ſhorter : and the Sun being at the greateſt 
Height on the Meridian, the Shadow muſt be 
ſhorteſt; and in the Horizon it hath no Altitude; 
and therefore the Shadow is infinite, 


P RG 


CHAP. 27. of Univerſal Geography, = 627 
PROPOSITION XVI, 


Having the Altitade ef the Style and Length of the 
Shadow, to find the Suns Milne, 3 and from thence 
the Hour; if the Latitude and Day of the Nw 


be known, 


THE Length of the Style, the Shadow, and 
the Ray that terminates the Shadow, make'a right 
angled Triangle; and, according to Prop. xv. Chap. 
ii, make this Proportion : As the Length of the 
Shadow is to the Length of the Style, ſo is the 
Radius to the Tangent of the Angle of the Sun's 
Altitude. Then find the Hour by Prop. il. 
Coy xxix. 


PROPOSITION XVII. 


Having the Semidiameter of the Sun and Earth, to find 
the Length of the Shadow which the whole Earth 
caſts in the Heavens, ah 


THE Shadow of the Farth is W as FR 
| that are ſkilled in Optics demonſtrate z and may 
be eaſily ſhewn by a Figure. Therefore we are 
to find the top of the Cone, (which comes on the 
Moon when eclipſed) how far it is from the Cen- 
ter of the Earth; thus: As the Difference of the 
demidiameter of the Sun and Earth, is to the Sun's 
Diſtance from us; ſo is the Semidiameter of the 
. to the Length of the Earth's Shadow, C or 
of the Axis of the conical Shadow, | 


— 
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PROPOSITION XVIII. 


Having the Diſtance of the Moon from the Earth, 
and the Length of the Earth's Shadow 3 to find 
bow much of the Moon will be dark won ſhe is 
eclipſed, in the Ecliptic itſelf. 


BY the Rule of Three ; As the Litre of the 
Shadow is to it's Exceſs above the Moon's Di- 
ſtance ; ſo is the Semidiameter of the Earth, to 


the Semidiameter of the conical Shadow, where 


the Moon enters it. 

THEN, As the Diſtance of the eon is to 
this Semidiameter of the Shadow ; So is the Ra- 
dius of the Tangent of the Angle, at the Eye ſub- 
tended by that Semidiameter : which being doubled, 
gives the Angle oppoſite to that Diameter of the 
Shadow ; with which compare the Angle oppoſite 
to the apparent Semidiameter of the Moon at the 
Eclipſe ; and from thence may be known how much 
is dark: which if you deſire in Digits (as Aſtro- 
nomers uſe to expreſs the Quantity of the Eclipſe, 
and the apparent Semidiameter of the Moon which 
ſeems to be about twelve Inches, or Digits, in 
Breadth) ſay, As the Diameter of the Moon is to 
twelve Digits; ſo is the apparent Semidiameter of 
the Shadow to the Digits darkened. 


PROPOSITION. XIX. 


The further a Place is any Day from the Equator, or 
from the Parallel in which the Sun ts, the large. 
the Shadow is at twelve, and other Hours. 


BECAUSE the Sun is further from the Zenith 


of thoſe Places; therefore the Ray that 3 
the 


E „„ ( 2 
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the Shadow, is farther from the Style; and fo the 
Shadow longer. | 


:: PROPOSITION XX. 


I there be placed a Style above any Plane, ſo as to 
look the ſame Way as the Axis of the World doth, 
or be parallel to it; the Shadow of it will fall on 
that Line of the Plane which is cut by the meridian 
Circle in which the Sun then is. 50D 


FOR the Shadow of the Axis, or Style, falls in 
the Plane of the Meridian Circle: becauſe the Sun, 
the Style, and Shadow, are all in one Plane, as was 
ſaid in Prop. i. but as the Shadow falls alſo on the 
Plane that it is raiſed on, it muſt fall in the Line of 
common Section of the Plane and meridian Circle. 


PROPOSITION XXI. 
—— deſeribe an E quinoZial Dial. 


LE T the Plane either of Wood, Braſs, or o- 
ther Matter, be raiſed above the horizontal Plane, 
according to the Complement of the Latitude of 

BU T- it is better firſt to draw the Hour-Lines 
on the Plane thus : Deſcribe a Circle, which di- 


vide into twenty four Parts, and draw Lines from 


the Center to each Part; any one of theſe Lines 
may be taken for 12 of the Day ; but if the La- 
titude of the Place be ſmall, there is no need to 
draw the Hours for Night, when the Sun is under 


the Horizon: upon the Center erect a perpendicular 
Style; this Dial being raiſed, ſo that the Plane of 


it ſhall be in the Equator, the Sun ſhines the one 
half of the Year above, and the other, in Win- 
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ter, below; and therefore the Hour-Lines muſt 
be on both ſides. £097 war (3h) 

FOR the fixing of it you muſt find the Hour of 
the Day, .and cauſe the Shadow to come on that 
Hour; or elſe you muſt find a Meridian Line, 
which the Style is to be raiſed above. 

ON this Dial may be drawn ſeveral concentric 
Circles, which will ſhew the Sun's Place and De- 
clination : Thus, divide the Style in 100 Parts, 
which being the Radius of a Circle, take the Com- 
plement of the Declination, 5 Degr. 10 Degr. 15 
Degr. &c. and with the Tangent of theſe Degrees 
deſcribe concentric Circles; and when the end of 
the Shadow of the Style comes into one of them, 
it ſhows the Declination and the Sun's Place, which 
may be marked on the Circles. 


PROPOSITION XXII. 


To deſcribe a Dial on an horizontal Plane. 


BY the Globe. Elevate the Globe to the Lati- 
tude of the Place, and bring ſome remarkable 
Meridian under the Braſs Meridian, and the In- 
dex to 12 then turn the Globe till the Index point 
to 1 or 11, and obſerve how many Degrees on 
the Horizon the point in which the Meridian cuts 
the Horizon is from the North; and ſo many 
Degrees muſt the 11th Hour, or the Hour of one, 
make with the Meridian: then, the ſame way, 
make the Index, by turning the Globe, to point 
to 2 or 10, and you'll have the Degrees for thoſe 
Hours, on the wooden Horizon, between the Point 
where the Meridian cuts the Horizon and the 
North. K | 
| THEN ſet the Style from the Center of the 
Dial above the meridian Hour of 12, and elevate 
K according to the Latitude of the Place; or * 
1 ; | e Tet 
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ther make a right angled Triangle, whoſe acute 

Angle at the Baſe ſhall be equal to the Latitude; 

which being firſt made of Paper may be afterwards 

of Braſs or Iron, and fet upright in the meridian 

| Line, This may be better done without the Globe; 
which will be eaſier apprehended by ſeeing it done, 
than many words. 5 N 


PROPOSITION XXIII. 


To deſcribe @ vertical Dial, whoſe Plane ſhall be due 
Eaſt or Weſt. | 


THE Plane of the Dial being thus in the Me- 
ridian, draw a Line, elevated according to the La- 
titude, which will be the Line of 12, to thoſe 
go Degr. Eaſt or Weſt from you, as your Plane 
is directed; but it will be the fixth Hour to you: 
then cut that Line by another in the middle at 
right Angles, and on it ſet the Tangent Degrees 
found by the Globe, from the firſt Line both ways, 
and draw thro* theſe Points Hour-Lines parallel 
to the firſt Line, and the Style being parallel muſt 
be as broad as three Hours is diſtant from the firſt 
Line. Note, if the Vertical be due South or North, 
you make the Dial on it as in Prop. xxii. only 
the Style muſt be raiſed according to the Comple- 
ment of the Latitude, | 


PROPOSITION XXIV. 


To find by our Dial the Hour at another Place, 
tho“ ever ſo remote from us. 


IT muſt be conſidered, whether the other Place 
be to the Eaſt or Weſt ; if to the Eaſt, they have 
12 before us, if to the Weſt after us. Find by 
the Globe the difference of Longitude between the 
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two Places, which turn to Time, allowing 15 Degr, 
for an Hour; and add or ſubtract that Time from 
the Hour with us, as the Place is Eaſt or Weſt: 


” 


their Hour-Lines may be alſo. drawn. on your 


&— 4 


horizontal Dial, as in Prop. xxii. C 
PROPOSITION XXV. 


To elevate a Plane above our Horizon, and to draw 
a Dial on it, in which the Shadow will ſeem to go 
back, as in Places of the, Torrid Zone, 


W E ſhall chuſe here the Elevation of 10 Degr. 
above the Horizon of the Place in the Torrid Zone; 
then in our Latitude, 52, the Plane muſt be raiſed 


make a Dial on that Plane for the Latitude 10, 
by Prop. xxii, and put out the ends of the Hour- 
Lines next the Center, and erect an upright Style, 
a little from the Center, on the meridian Line, ſo 
high as it would reach to the back of a Style that 
looks to the Pole, and the end of the Shadow of 
the erect Style will ſhow the Hour, and ſeem to 
go back on ſome Days, as we ſaid above. All 
other kinds of Dials may be made by the Globe; 
but becauſe this belongs to Gnomonics we ſhall not 
treat further of it, 1 
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C HA P. XXVIII. 


Of comparing the Celeſtial Appearances in dif- 
ferent Places of the Earth. 


| t 
R OM the Conſideration of the Agreement and 

Diſagreement of the celeſtial Appearances in 
different Places, there ariſe different Denominations 
of the Inhabitants, tho' they are not of different 
ſorts; ſome being Antæci, others Periæci, and 
others Antipodes. 

ANTOECI are thoſe that live in the ſame Se- 
micircle of the Meridian; but on different ſides of 
the Equator, and at equal Diſtances from it. 

PERIOE CI are in the ſame Parallel, but in 
different Semicircles of the Meridian: ſometimes 
all the People in one Parallel are called Periæci; but 
we thall not take it ſo, to avoid Confuſion. _ 

 ANTIPODES are thoſe that are diametrically 
oppoſite to one another. 

NOTE, theſe three Names do for the moſt part 
ſignify the People in both Places, as we explained 
them; tho* ſometimes they denote only thoſe of 
one Place, as when we ſay ſuch People are antæci 
br antipodes to others. | 
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PROPOSITION I. 


Thoſe that live in the ſame Semicircle of the ſame 
Meridian, have all the ſame Hours at the ſame 
8 9 5 3 


FOR when the Sun comes into that Meridian, 
tis twelve at Noon, in all the Places in that Me- 
ridian ; and therefore they muſt have all other 
Hours at the ſame Time ; ſeeing the Sun's going 
from their Meridian to another Meridian fifteen De- 
grees from it makes an Hour ; which is the twenty 
tourth Part of the Revolution to them both. 


PROPOSITION II. 


They that live on different Sides of the Equator, have 
different Seaſons of Summer, Winter, Spring, and 
Autumn, at the ſame time, | 
FOR the Summer begins in a Place according 

to the Sun's Courſe, when the Sun 1s neareſt to it's 

Zenith: and the Winter begins when the Sun is fur- 

theſt from it: and becauſe the Sun goes from the 

North Hemiſphere to the South: contrariwiſe, as it 

leaves the one, it comes nearer to the other ; and 

therefore *tis Summer in one Place, the ſame Time 


that *tis winter in the other. The Changes in the 


Seaſons in the Torrid Zone have ſomething peculiar 
to them, as in Chap, xxvi. 3 
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PROPOSITION III. 


They that are in the North Hemiſphere have, as they 
Jook to the Equator, the Eaſt on the right Hand, 
and the Weſt on the left, the South before them, and 
the North behind them; but they that are in the 
ſouthern Hemiſphere, have the Stars riſing on their 
right Hand, and ſetting on the left, as they turn their 
Face to the Equator. $f 


THEY that live on the Equator have the Eaſt 
on their right Hand, and the Weſt on the leſt 
while they look to the North, but contrariwiſe if 
they look to the South. | 
THE Y that are in the North Hemiſphere when 
they look to the Equator, the Sun will ſeem to riſe 
and ſet behind them, while *tis in the northern Signs; 
but when in the ſouthern Signs, it will appear to 
riſe and ſet before them : and the contrary will hap- 
pen if they turn their Faces to the Poles. 
SAILORS, and others who underſtand not 
theſe things, wonder at them; when they come 
to the South Hemiſphere : but they appear plain 
from the Globe. 1 


PROPOSITION FN. 


The Celeſtial Appearances io the Antceci are theſe. 


1. T HE Y have Mid-day and Mid-night, and 
all the Hours at the ſame Time ; as in Prop. 1. of 
this Chapter, | 

2. THEY have contrary Seaſons at the ſame 
Time; when'tis Summer with the one, tis Winter 
Vith the other; and ſo as to Spring and Autumn. 


3. THE 
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3. T HE Days of the one are equal to the Nights 
of the other; and the Nights of the one to the Days 
of the other. g 

4. WHEN the Days of the one increaſe to the 
longeſt, the Days of the other Place decreaſe to the 
ſhorteſt; for the Days that are oppoſite to one a. 
nother in the Calendar, they have them equal; that 
is, the twentieth of April in the one, to the twen- 
tieth of OFober in the other. | 

3. ON the equinoctial Days the Sun riſes and 
ſets at the ſame Time, but on other Days ſooner to 
one than the other; and theſe two Days the Sun 
hath the ſame Altitude in both Places: but each 
Hour in the Day on other Days, the Altitude 
differs. 8 

6. WHEN they look towards one another, the 
Sun and Stars ſeem to riſe and ſet on different 
Hands. 

7, WHEN the Sun riſes and ſets before the 
Face of the one, it doth ſo behind the other ; and 
contrariwiſe. 

8. THE Y have different Poles elevated e. 
qually. HS ER 

9. THE Stars that never ſet to the one, are 
never ſeen by the other; and contrariwiſe. Theſe 

are all plain on the Globe. 


PROPOSITION v. 


The Inhabitants of the Equator have no Antceci, and 
tbeir Periceci are the ſame with their Antipodes. 


THIS is plain from the Definitions we gave of 
mem,” * - | 


PRO. 


10 
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8 


PROPOSITION VI. 

A Place being given on the Globe, to find who are the 
Antœci, Periceci, and Antipodes to the Inba- 
bitants there. | ae od 


FINO the Latitude of the Place by bringing it 


to the Braſs Meridian; and their Antæci will be 
in the ſame Latitude, on the other ſide of the E- 


uator . 54 | 
- BRING the Index of the lower Circle to 12, 
and mark the Point in the Meridian above the Place 


given; and alſo mark the Point above the Antæci of 


that Place: then turn the Globe till the Index point 
to the other twelfth Hour, and you will have the 
Perigci under the firſt marked Point of the Meri- 


dian, and the Anti podes under the other. 


PROPOSITION VII. 


| They that live in the ſame Parallel, have all the Days 


and Nights of the Year equal; and each Star con- 
tinues the ſame Time above their Horizon : and the 
ſame Stars never riſe to them, and the ſame never 
ſet. The Sun and Stars all riſe and ſet on the ſame 
Point, and each Star is at the ſame Hour equally 
under or above the Horizon : they have the ſame 
Pole equally elevated, and the Stars riſe and ſet on 

' the ſame Side to both, when they turn their Face to 
the Pole or the Equator, and have the ſame Seaſons 
at the ſame Times, excepting ſome Things peculiar in 
ſome Places. : 


THESE Things are manifeſt from the Conſi- 
deration of the Stars, and the Situation of the Places 
on the Globe. If you elevate it to the Latitude of 


| one Parallel, the wooden Horizon will be the Ho- 
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rizon of all the Places in that P arallel ; Which will 
make the Propoſition plain, © © 


PROPOSITION VIII. 
The Celeſtial Appearances of the Periceci are theſe, 


1. ALL thoſe Particulars agree to them which 
we mentioned in the preceding Propoſition of the 
Inhabitants of the ſame Parallel. 

2. THEY have Hours, which tho? nominally 
the ſame, yet are really contrary ; for when tis 
twelve at Day with one, tis twelve at Night with 
the other; and *tis two after Mid-night with 
the one, when tis two after Mid-day with the 
other, Se. ur | T3346. 09 J.- 

3. ON the Equinoctial Days the Sun ſets to one, 
while *tis riſing to the other; and ſo Night- time to 
the one, is Day-time to the other; but in the Half 
of the Year, when the Sun goes thro' the Semi- 
circle of the Ecliptic next to them, that is, in 
Spring and Summer, it riſes firſt to the one, be- 


fore it riſcs to the other; and therefore they have 


Day, or the Sun-ſhine, for an Hour, or part of an 


Hour, at the ſame Time; i. e. while *tis ſetting 


in the Weſt to the one, tis riſing in the Eaſt to 
the other ; but when the Sun is in the other Halt 
of the Ecliptic, i. e. in Autumn and Winter, it 
ſets to the one before it riſes to the other: And 
ſo they have no Day but a Part of Night common 
to both, and the Sun for ſome Time under their 
Horizons; yet ſo as to begin Night with the one, 
and end it with the other. | 

4. THEY may both, the ſame Way, ſee thoſe 
Stars that decline from the Equator to the Pole, 
elevated to them at the ſame time for ſome Hours, 
or Parts of an Hour, i. e. before they ſet to one, 


they riſe: to the other, and contrariwiſe: and os 
| the 


tor; but thoſe Stars that decline from the Equator 
to the Pole under the Horizon, they never ſee, at 
the ſame Time; for they ſet to the one, before they 
riſe to the other : and therefore for ſome Hours, or 
parts of an Hour, they are ſeen by neither of them; 
and the longer Time, the nearer the Star is to the 
Pole. Thoſe that are always ſeen by the Anizci, 
are always hid to the Periæci. | 

5. THAT Part of the Earth which one of the 
Periæci hath on the Weſt, the other hath on the 
Eaſt, | 0 


PROPOSITION IX. 


The Celeſtial Appea rances compared together, with 
regard to the Antipodes, are theſe. 


1. THE Sun and Stars riſe to the one, when 
they ſet to the other, all the Year round ; for the 
have the ſame Horizon. | | 

2. THE Day of the one, is the Night of the 
other. vas vs 8 

3. THE oppoſite Days in the Year are equal, 
and alſo the Nights; ſo that when the one hath the 
longeſt, the other hath the ſhorteſt. ; £260 

4. THE I have contrary Seaſons at the ſame 
Time; and the ſame at different Times. 

5. THE Y have different Poles, equally eleva- 
ted; they are equally diſtant from the Equator, 
but have it on different Points; they are in the 
lame Meridian, but different Semicircles of it. 

6. THEY have Hours nominally the ſame, 
tho' really contrary ; *tis Mid-day to one, when 
Mid-night to the other. To 

7. THOSE Stars that are always. above: the 
Horizon of the one, are always under the Horizon 
of the other; and they that are long above the Ho- 


rizon 


the longer, the further the Star be from the Equa- 


4 | 


23 
1 
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rizon of the one, are a ſhort Time above with the 


other. | 

8. THE Sun and Stars ſeem to riſe on the right 
Hand to the one, and on the left to the other, 
when they both look to the Horizon; and if the 
one have the Sun before or behind, for half a Year 


or more, the other hath it as long. 


PROPOSITION X. 
The Periceci of one Place, are the Antipodes of their 


Antœci. 


AND thus the Antipodes of one Place are Perizci 
to the Antæci of that Place. This needs no Proof. 


PRO POSITION XI. 


A Place being given on the Globe, to find where the 
People have Mid-day, and all the Hour, at the ſame 
Time ; and to find where the Hours are contrary to 
the Hours in that Place. 


BRING G the Place to the Braſs Meridian, and 
all Places under it count the ſame Hours; then 
bring the Index to 12, and turn the Globe till 
it come to the oppoſite 12, and the Place under 
the Braſs Meridian will ſhew where they count con- 
trary Hours to thoſe of the given Place. 


PROPOSITION XII. 


A Place on the Globe being given, to find the Places 
where all the Days of the Year are equal to the Nighti 


of the former Place. 
| BRING 
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[BRING the given Place to the Meridian, and 
find the Parallel of the Antæci; then will all the 
Places in the Parallel anſwer the Queſtion. 

BUT if the Place be ſought, in which the Days 
are equal to the Nights of a given Place, and all 
the Hours the Tame ; then the Place of the Antæci 
is the Anſwer. . r Y 46 

AND ifall the Hours muſt be contrary, then 
the Place of the Antipodes is the Anſwer. - 


PROPOSITION XIII. 


Having a place on the Globe, and the Day of the Year 
to find the Hours when the Inhabitants of that place, 
and their Antœci, can ſee the Sun at once; and the 
Hours, or Parts of an Hour, that the one will ſee 
the Sun ſooner than the other. 


FIND, by Prop. iv. Chap. xxv. the Length of 
the Day there at that Time, what that Length wants 
of twenty four Hours, are the Hours in a Day with 
the Antect; for ſo many Hours they have the Sun 
above the Horizon an once, as their Day is long: 
if the Place be in the Equinoctial, they have each 
twelve Hours Day; if not, the one of the Antæci has 
more than the other: or thus, if the Length of the 
a Day in the Place given be leſs than twelve Hours, 
N then the Autæci will ſee the Sun for that Time and 
r more, beth before and after that Time; but if the 
as Length of the Day be more than twelve Hours 
there, then you mult take the Hours at Night, and 
ſo many the Antec will fee the Sun at once: and 
theſe Hours are near the Meridian in both Places, 
tie Half before, and the other Half after, for 
they have the Sun in their Meridian at once. 

THE difference of Days, or between the Nights 
ad Days, in the ſame Place being halved, ſhows the 
| VOL, II. 149001 : Hours 
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Hours that the Sun riſeth ſooner, or ſets later than 
in the other Place. | 


PROPOSITION XIV. 


lace on the Globe, and the Day of the Year, 
— be Tims that the Inhabitants, and their Pe. 
riceci, will ſee the Sun at once; and how long they 


cannot ſee it together. 


D the Length of the Day and Night at 
4 . in that Place ; - then the half of their Dif- 
ference is the Time that the Sun riſes ſooner to the 
one, than it doth to the other ; and ſets to the 
one, before it riſes to the other. 
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CHAP. XXIX. 


Of comparing the Times in one Place with thoſe 
| of another. 


"PROPOSITION I. 


Having the Hour in one given place, to find the Hour 
of another place given. 


183 Place for which the Hour is given being 
brought to the Braſs Meridian, and the In- 
dex to 12, turn the Globe till the other Place 
come under the Braſs Meridian; and the Index will 
point to the Hour in the other Place. 


PROPOSITION II. 


Having tbe Hour in any place given, to ſbot all the 
Places on the Globe, in which *tis then Mid. day or 
Mid. nigbt, or any Hour you pleaſe. The Problem 
ſhould be propoſed and ſolved of the Earth itſelf, it 
being a Property of the Earth, if we were to pro- 
ceed ſcientifically ; and this we underſtand of many of 
the following Problems. 


BRING the Place to the Meridian, and the In- 
dex to the Hour of the Place; then turn the Globe 
till the Index points to 12, and you ſee under 
the upper Part of the Braſs Semicircle, all the 
Places where *tis Mid-day, and in the lower Part 

| | E 2 where. 


=. 


find the Sun's Place in the Ecliptic, and bring it 
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where tis mid- night: and for any other Hour turn 
the Globe till the Index point to 1t, and you have 
the Places where tis ſuch an Hour under the Braſs 
Meridian, Eo is > Ig NEE 


PROPOSITION III. 


Having the Altitude of the Sun, the Day of the Year, 
and the Latitude of the place, to find the Hour for 
that Altitude, | 


ELEVATE the Pole for that Latitude, and 


to the Meridian; then fixing the Quadrant of Al. 
titude at the Zenith, and the Index at 12, move 
the Globe and the Quadrant till the Sun's Place 
come under the Degree of Altitude marked on the 
Quadrant; and the Index will point to the Hour, 


PROPOSITION IV. 


Having the Point the Sun is in at any Hour of a givn 
Day, and the Latiluae of the place, to find the Hour 


WORK as in the preceding Propoſition, and 
bring the Quadrant to the Point, and the Sun's 
Place under the Quadrant, and the Index will ſhow 
the Hour. What Point the Sun is in, is known 
by the Mariner's Compals. | 


PROPOSITION V. 
To know by the Globe, (when the Sun ſhines) the Hour 


in a place whoſe Latitude is given. 


E LE VA E the Globe for the Latitude, and an 
make it's Axis point to the North; then fix for 
Needle perpendicular in the Sun's Place under tit 
| | 1 Meridian, 
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Meridian, the Hand being at 12; turn the Globe 
till the Needle be under the Sun, and makes no 
Shadow on the Globe ; and the Index will- ſhow 


the Hour. | 
 _PROPOSITION VI. 


Having the Hour, as we reckon it, to know the Hour 
from Sun-riſing, i. e. the Babyloniſh Hour, or the 
Hour at Norimberg. | | 


THE Babylonians of old, and the People of 
Norimberg now, count twenty four Hours, from 
Sun-rifing to Sun-rifing the next Day. Elevate 
the Pole for the Latitude, and bring the Sun's 
Place to the Meridian, and the Index to 12; 
turn the Globe till the Index point to the Hour 
given, then the Globe being fixed, bring the Index 
back to it, then turn it from Weſt to Eaſt till it 
come to the Horizon, and count the Hours from 


it to the Index Eaſtward; and theſe are the Hours 


fought. 4 
PROPOSITION VII. 


Again, having the Babyloniſh Hour, to find the Hour 
by our Reckoning, 1. e. from twelve at ' Day, or 
Night. 7! 


ELEVATE the Pole for the Latitude, and 
bring the Sun's Place to the Horizon on the Eaſt, 
and the Index to it, and turn the Globe till the 
Index points to the Hour from Sun-riſing; then 
bring the Index back to 12, and turn the Globe 


till you bring the Sun's Place under the Meridian, 


and you'll ſee how many Hours tis paſt 12 or be- 
fore Ta, by your reckoninng. 
eee Tal by F 
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PROPOSITION VIII. 


Having the Hour, as we reckon it, to find how many 
Hours are paſt ſince the Sun ſet laſt; that is, the 
Italian Hour. | 


THEY now in many places of 1taly, as of 
old in Greece, begin their Day at Sun- ſet; which 
laſts till the next Sun-ſetting, 

TO find their Hour; elevate the Globe for the 
Latitude, and bring the Sun's Place to the Meri- 
dian, and the Index to 12; turn the Globe till it 
point to the Hour given, then bring the Hand to 
12, and turn the Globe to the Eaſt till the Sun's 
Place come to the Horizon, and count the Hours 
from 12 to the Index. 


PROPOSITION IX. 


Having the Italian Hour from Sun-ſetting, to find the 
Hour, as we reckon it, from Mid-day or Mid- 
night. 


ELEVATE the Globe for the Latitude, and 
bring the Sun's Place to the Meridian, and the In- 
dex to 12; turn the Globe Weſtward till the In- 
dex point to the Hour given, then the Globe be- 
ing fixed, bring back the Idex to 12, then turn 
the Globe till the Sun's Place come under the Me- 
ridian, and count the Hours from 12 to the Index 
Eaſtward; and you have the Hours from Mid- 
day or Night, according to our reckoning. 


PROPOSITION X. 


Having the Hour, as we reckon it, in a given Day, i 
find the Jewiſh Hour, as they and others _— 


— « £4 * 2 


— * 
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IT appears from the Diſcourſe of Chris, about 
the hiring of Labourers to the Vineyard, that the 
Jes, and other Nations before Aſtronomy was cul- 
tivated, divided the Day, from Sun: riſing to Sun- ſet- 
ting, into twelve Hours, and the Night into as many, 


- which are called Planetary Hours for another Rea- 


ſon; but they are rather to be called unequal 
Hours: for Rong neither Days nor Nights are 
equal, but increaſe the one half of the Year, and 
decreaſe the other, except under the Equator ; the 
Hours muſt be ſometimes longer, and ſometimes 
ſhorter ; tho* near the Equator there is no great 
Alteration, as we ſhewed Chap. xxv. and therefore 
they that are far from the Equator, as the Euro- 
peans, never uſed that Way, but only they in the 
Torrid Zone, or not far from it. 

THE Problem then may be propoſed more 
clearly thus: Having the equal Hour in any Day, to 
find the unequal Hour, which is the twelfth part of the 
Time the Sun is above the Horizon ; but the equal 
Hour is the twenty fourth part of the Time the 
Sun takes in going from the Meridian till it returns 
to it; which is the Aſtronomical Day. 

T O folve the Problem : Elevate the Globe for 
the Latitude, bring the Sun's Place to the Eaſt 
Horizon, and the Index to 12, and turn the Globe 
till the Sun's Place come to the Weſt : Thus you 
find the Length of that Day. Then find the Hour 
from Sun- riſing or Sun-ſetting, if the Hour given 
be after Sun-ſetting, by Prop. vi. and viii. and ſay, 
as the Length of the Day (or Night) in Hours is 
to twelve Hours; ſo are the Hours from Eaſt (or 
Weſt) to the Fewiſh Hour. 
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PROPOSITION XI. 

Having the Jewiſh Hour in a given Day, to find the 
Hour with us ;, or to reducethe unequal: Hour to the 


equal. | 


DO as in the laſt Propoſition, and find the 


equal Hours in the Day; and when the Sun riſeth; 


then ſay, as twelve is to the Fewi/h Hour given, ſo is 
the Length of the Day to a fourth Number; which 
add to the Hour of Sun-riſing, and you'll have the 
Hour from Mid- night if the Number of theſe Hours 
be above twelve ; reject twelve, and you have the 
Hour from Mid-day. , 

THE F7ewi/b Hours, mentioned in Christ's Diſ- 
courſe, cannot be accurately reduced to our Hours, 
the Day of the Year not being added; therefore that 
third Hour may be our ninth, tenth, or eighth, 
and the eleventh Hour may be our fifth, ſixth, or 
ſeventh, according as the Day was in Summer, 
Winter, or in the Equinox; but the heat of the 
Day being e tis likely it was about the 
Summer Solſtice. | 


PROPOSITION XII. 


_ They who ſail 10 the Eaſt, till they come back to the 


place they left, have ſeen the Sun riſe, paſs ibe 
Meridian, and ſet once more than the People the) 
firſs left; and thus are one Day before then; 
be firſt of January is the ſecond to them, and our 
Saturday they count Sunday; and if they ſail round 
zwice or thrice, they will count two or three Da) 
mor, 


FAY 
- , 
— * 
1 p 
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And they who ſail to the Weſt, round the Globe, count 
one Day leſs, ſo that tis the thirty firſt of Decem- 
ber with them, when it is the firſt of January with 

' others; and our Sunday, they count Saturday; and 
they loſe as many Days as they ſail Times round 
that way, | | 


THIS was formerly a great Wonder to Sea- 
men and others: after they had failed Weſt and 


came to the Oriental lands, and found they differed 


from other Europeans there by a Day, they accu- 
ſed one another of Negligence or Sleepineſs; but 


the frequency of the Thing hath now taken away 


the Wonder, and given Mathematicians occaſion 


to explain the Cauſe of it; which is very plain, 


if Men will but conceive aright the Motion of 
the Sun, or of the Meridians on the Earth, and 
fix on ſome Beginning of the Day; for it de- 
pends on the diurnal Circumvolution of the Sun, 
(not on 1t's proper Motion, as ſome thought) 
which may begin at any Meridian Circle, and 
trom thence go round till it come back to the 
lame Meridian. ok 

AND. becauſe they that fail Eaſtward go to 
a Meridian to which the Sun comes ſooner than 
to that they left, they therefore begin to count a- 
nother Day ſooner, For Example; if they fail fif- 
teen Degrees Eaſtward, they will begin the Day 


an Hour ſooner, and this Anticipation ſtill increaſes 


as they go Eaſtward ; and being come to the op- 
polite Meridian, their Day begins twelve Hours - 
ſooner; and having gone round, they begin the 
Day twenty four Hours ſooner than in the Place 
they came to, where it is Mid- day to both when 
the Sun is in the South. 

AN D ſo they that go Weſt will have the Sun 
later in their Meridian by a whole Hour, if they 


fall fifteen Degrees to the Weſt, which poſtpon 


I the 


two Days more than the ſecond ; and if they fail 


they ſhould meet one another, and from this was 
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the Day ſtill an Hour for every fifteen Degrees, 
which comes to twenty four Hours in failing 
round, | | WY. 


COROLLARY: I. 


IF one fail Eaſtward and another Weſtward, 
both round till they meet, the firſt will count 


twice round he will count four Days more, tho? 
they live the ſame Number of Days; and the 
Days of the Eaſt Traveller will be ſhorter than 


the Days of the other. 
COROLLARY Il. 


T HE fame would happen in whatever Place 


the Fact found firſt, and often afterwards ; for 
when Ferdinand Magellan had paſſed the Straits 
of Magellan and come to India, he found a Day's 
difference in his Account, from the Account 
the Europeans had there, who failed to the 
Eaſt; and fo it was with all others that failed 
round. 


COROLLARY Iii. 
HENCE it is that they differ in a Day in 


ſome Places near one another in the ſame Me- 
ridian, as in the Philippine Iſlands, and Macao, 
a Sea-port in China, poſſeſſed by the Portugueſe 
and the Iſles by the Spaniards of Caſtile, as they 
ſay; for they are under the ſame Meridian, 
yet in Macao it is Sunday, when in the Philippines 
it is but Saturday; and while in Macao they have 
Eafter, and eat Fleſh, in the Philippines it is but 
Lent; and they celebrate not the Feaſt till the 

n- Morrow : 
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morrow: the Reaſon is, the Portugueſe came Eaſt 
to India, and from thence to Macao; whereas 
the Spaniard failed Weſt and came from America 
Weſtward to the Philippines ; and tho? they mer 


in two Meridians near the lame, 4 they differ 
one Day in their reckoning. 
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CH AP. XXX. 
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Of the different riſing and ſetting of the Sun, 
with it's Altitude, and other Appearances, 
in different Parts of the Earth, | 


PROPOSITION I. 


To place the Globe, ſo that the Sun ſhining on it, thoſe 
Parts may be illuminated -which the Sun illuminates 
any Day; and that it may at the ſame, Time appear 


| | to what People the Sun riſeth every Minute, and is 
I" whom it is Mid. day; to whom it ſets, and to whom 
1 it is Night, and to whom it is vertical; as likewiſc 
14 the Sun's place in the Ecliptic, the Day. of th: 
| i Year, and the Hour of the Day in that place. 

E T the Place, for which the Globe is to be fo 


ſituated, be mark*d on the Globe, and brought 


ll to the Meridian, and the Point on the Meridian 
ih above it be marked with Chalk, and on that Point | 
[| hang the Globe; and if you would have it faſt, | 
5 you muſt run an Iron Rod thro' that Point, and 
| the Center to the oppoſite Point, and have the 
1 ſame well fixed to ſome Plain below. | 
þ THEN place the Globe due North and South | 

i by a Meridian Line, or by the Compaſs: the 
4 Globe being thus placed, you may ſee every Minute 
4 the enlightened Part of the Earth, and that which t 
if is dark, and the Places in the middle of the illumi- WF o 
nated Part have Mid-day then, and thoſe = the 

calteln 
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eaſtern Meridian that bounds the Light and Dark- 
neſs have the Sun ſetting, and thoſe in the weſtern 


the Sun riſing. 


TO find the Sun's Place in the Ectiptic: : Move 


a ſmall Needle, placed perpendicularly about the 


middle of the enlightened Part till it have no Sha- 
dow, and that Place on the Globe brought to the 
Meridian, will ſhow the Declination of that Point 
of the Ecliptic in which the Sun then is; and the 


Sun's Place will be known according as the time 


of the Year is, and from thence the Day of the Year; 


| and that Place where the Needle hath no Shadow; 


hath the Sun vertical to it, and a Parallel thro' that 
Place will ſhow all the Places that will have it ver- 
tical that Day. And to find the Hour of that Place 


for which the Sun is thus fixed, bring the Place 


to the Meridian, and the Index to 12, and turn the 
Globe till the Place, or that for which the Globe 
is ſituated, come to 2 Nr 9 and the Index 
will ſhow the Hour. 

BUT becauſe the Globe cannot eepdlee while 
it is fixed to the Iron Rod, it will be convenient to 


| fix a Quadrant on a Meridian, ſo as to turn round 


the Pole, or an Arc of 1131 Degrees, which be- 
ing brought to the Needle's Place, will ſhow the 
declination of the Sun; from which may be found 
the Sun's Place and Day of the Year: and the 
Difference between that Arc and the Braſs Me- 
ridian counted on the Equator, will give the De- 
grees; which being turned to Hours, fifteen De- 


grees to an Hour, will give the Hour of the 


Day before or after twelve, as the Sun is to the 
Eaſt or Weſt Side of the Meridian. 
F there be fixed to the Pole of ws Globe ſuch an 


to ĩt a piece of Braſs that hath a perpendicular Style 


on it, which piece ſhall ſlide up and down, accord- 
ing to the Sun's Diſtance from the Equator : thus 


- 


Arc of Braſs as was before ſaid, there may be fixed 


there 


— ¶ X, 
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there will be no need of a Needle, or ſpherical 
Gnomon, and it will be leſs liable to Error. 


PROPOSITION II. 


The Globe being placed as before, it may be ſhewn (whey 

the Moon ſhines) to what People the Moon appear, 
I any time it is above our Horizon; and who have th; 
1 Moon riſing, ſetting, or in their Meridian. 
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THESE are all plain from the preceding Pro- 
poſition. | 


PROPOSITION III. 


The further any place is from the Parallel the Sun i 
in at any Time, the Sun riſes the leſs above their 


; Horizon. 

| [ TAKE any Place in the ſame Meridian where 

1H they reckon the ſame Hours, then deſcribe the 

13 Sun's Parallel for any Day, and it will appear that 

| | any Point in it will be further diſtance from that 

| | Place which is furtheſt from the Parallel, (and the 

1 ſame way it is in the Heavens) and fo the Alti 

| tude will be leſs. 115 | | 
li PROPOSITION IV. | 


The nearer a place is to the Pole, the Points on tht 


| | | o " . 5 
4 Horizon in which the Sun riſes or ſets at the Sun- 
| mer and Winter Solſtice, are the more remote; ani 
1 j 


the ſame may be ſaid of the Moon and other Plane. 


TAKE two Places of different Diſtances, and 

| elevate the Pole for their Latitude, and you'll { 
where the firſt of Cancer riſes,” and the firſt of Ca- 
pricorn, at both theſe Elevations, for which My 


———— — — 
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ſee that they are more diſtant in the greateſt La- 

titude or Elevation; and their Diſtance from the 

Faſt in riſing, or Weſt at ſetting, which Aſtro- 

nomers call the Amplitude, is greateſt in the * 

Latitude. 


PROPOSITION v. 
The Stars ſituated between the Parallel of a place 
not in the Equator, and the Pole, are leſs elevated 
above the Horizon of the Places between that Paral- 


lel and the other Pole, than in the places between 
the Parallel and the neareſt Pole. 


THIS is eaſily tried by NIN the Globe 
for two Places. 


ar PROPOSITION VI. 


h places in the Equator the Sun endl Stars riſe 
ere directly up to the Meridian; but in places out of it 


＋ 


1 


* obliquely. 

at POL TA hs: 

hat DRAW a Parallel of the Sun on the Globe, 
the and place the Poles in the Horizon, and you will 


ke any Point in the Parallel riſes directly above 
the Horizon; and elevate the Globe for ſome 
other Latitudes, and you will ſee the Parallel be- 
come more oblique to the Horizon, and moſt 
at the greateſt Latitude, 


PROPOSITION VII. 


The greater the Latitude of a place is, a Sign in the 
Ecliptic takes the more time in riſing ; but they all 


and 
Hell. 


hy goſs the Meridian in equal times. 

r 

Ca ELEVATE the Globe firſt fas one + Latitude, 
* and bring the beginning of the Sign to the Ho- 


rizon, 
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we may be ſure we are. 
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rizon, and tue Index to 12, and you will ſee how 
many Hours paſs before the Sign be wholly above 
the Horizon: and do ſo for a reater 1 
and the Propoſition will be * N n Lie 


PROPOSITION VII. 


The Day being given, to find where the Sun will rife 
in any given Point. 


THIS Problem ſhould be propoſed of the 
Earth itſelf, as alſo thoſe that follow, if we were 
treating ſcientifically ; ; for it is a Property of the 
Earth and not of the Globe; yet the Globe repre. 
ſenting the Earth, it is ſufficient for Practice. 

T HE Problem is the ſame with that Prop. xi. 
Chap. xxiii. where having the Point and the Day 
of the Year in which the Sun riſeth, to find the 
Latitude of the Place, or the whore in nig 


PROPOSITION Ix. 


The Day aid Hour, or Part of an Wer lang pum, 
to find the 3 on be Ny to hich the Sun 


is hen 2 * j\ I 0 


BRI N G the Sun' 8 Place t to ch dann, Wi 
3 the Point above it; then find thoſe Places 
in whoſe Meridian the_Sun is at that Time, and 
bring them to the'braſs Meridian; then the Place 
under the marked Point is the Place ſougnt. 


PROPOSITION X. 


The Day and Hour being given, to fad thoſe plate 
. where the Sun bath a Foe grins Kinder nn) 


Degrees. 8 5 
; | : FIND 


Ve 
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IND the Place the Sun is then vertical to, 
and bring it to the Meridian, and fix the Qua- 
drant of Altitude in the Point above it, and mark 
the given Altitude on the Quadrant; then turning of 
ir about, the Mark will go over all the Places 1 
where the Sun hath that Altitude above the Ho- 1 
rizon. 8 


2 ——— D e ee — 2 = 
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PROPOSITION XI. 1 


| To find all the Places on the Globe where the Sun is = 
4 ing, ſetting, and in the Meridian 3 and what | { 60 
Places are enlightened, or in the dark, at any Hour n 
of the Day given. | 


FIN D the Place where the Sun is then vertical, 
and bring it to the Meridian, and elevate the 
Globe for the Place, then all the Places under the 
Braſs Meridian have Mid-day; and thoſe in the 
Weſt Horizon have the Sun riſing ; and thoſe in 
the Eaſt Horizon have it ſetting 3 and the Places 
above the Horizon are enlightened; and thoſe un- 
der are in darkneſs. 

NOTE. This is to be underſtood of the Center 
of the Sun's riſing and ſetting ; for the Sun illumi- 
nates ſomething more than the Half of the Earth; 
as we ſhall ſee in the following Propoſition. 


COROLLARY. 


WE may thus ſee where the Sun riſes or ſets at 
our Mid-day, or where *tis Mid-day when 'tis 
2 in our Horizon; which is a pleaſant Di- 
verſion. ts 
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Having the Semidiameter of the Sun, and of the Earth, 


NB is equal to the Arc BM, the exceſs of DB 
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PROPOSITION XI. 


and the Diſtance of the one from the ober, to find 
how much of the Earth is illuminated by the Sun, 


(Fig. 33.) LE I the little Circle be the Earth, 
A it's Center, and S the Sun's Center, LB and 
oc will be the Rays that touch the Globe of the 
Sun and Earth, and diſtinguiſh the enlightened 
from the dark Part, i. e. B Dc from B Ec. Let 
the two Rays LB, oc meet in R, and B N be 
drawn parallel to AS. In the Triangle BNL 
there is given. NL, the excels of SL above AB, and 
BN equal to AS; and BLN is a right Angle, 
BL being a Tangent ; then find the Angle NBL, 
As B N is to NL, ſo is the whole Sine to the Sine 
of the Angle BNL; and LN Band NB being 
equal to a right Angle, and BN L equal to ASL 
or BAR. | 

THEREFORE the Arc of the Angle 


above ninety Degrees, and ſo the Arc D C. 

AND if we make the Sun's Semidiameter 5: 
of the Earth's, and AS 1168 Semidiameters, MB 
w1ll be thirteen Months more than the halt MEQ. 


COROLLARY. 


WHEN therefore the Center of the Sun riſes to . 
a Place, it's Limb riſes to the Inhabitants in a Paral- 
lel to the Horizon thirteen Minutes under it; and 
when the Sun's Center ſets, it's Limb is ſeen 'til 
ies Center ſet to thoſe in a Parallel thirteen Mi- 
nutes from our Horizon, 


"PRO. 
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PROPOSITION XIII. 
Having the Height of a Mountain, to find how much | 10 
ö ſooner the Sun will riſe, and how much later it will 1908 


ſet, than in the Valley below. 
FROM the given Height find, by Prop. v. 


Chap. 1x, the Interval, or Arc, from which the 
& Top of the Mountain may be ſeen ; or where the 
d Tangent Line will terminate the Arc : this Tan- l 


gent Ray is the firſt that can come from the Sun 
to the Top of the Mountain. 5 
THIS Point in which the Ray, from the Top 
touches the Earth, is the Place where the Sun riſes 
when *tis firſt ſeen at the Top; and this Arc ſhows 
how much the Sun is under the Horizon of the 
Valley, when firſt ſeen at the Top. | | 
THE Problem then comes to this ; having the 
Depreſſion of the Sun under the Horizon, to find 
how ſoon it will come to the Horizon: from 
which it appears, that it will depend on the Time 
| of the Year, Let the Pole then be. raiſed for the 
Latitude of the Place, and the Quadrant fixed 
to the Zenith; then bring the Point oppoſite to 
that in which the Sun is at a given time to the 
weſtern Horizon, and the Index to 12, then ob- 
ſerve the Degrees of Depreſſion under the Hori- 
zon on the Quadrant, and make that Point come 
as high above the Horizon, by applying it to 
the Quadrant, and the Sun will then be ſo far un- 
der the Horizon; then turn the Globe *till it come 
to it, and the Index will ſhow the Time. But 
becauſe the Time is ſmall, *tis better to do it by 
Calculation. Suppoſing then the Height of the 
Mountain three Quarters of a German Mile, and 
the Depreſſion about three Degrees, the Lati- 
tude of the Place thirty eight Degrees, and the 
K 2 Sun 
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Sun in the fifteenth of Leo, and that the Sun is ſeen 
at the Top thirteen Minutes ſooner than below. 
Hence it will appear how unlikely it is that Ariſtotle 
ſays of the Tops of Caucaſus, and Pliny of the 
Mountain Cafius, viz. that they are enlightened 1 
third Part of the Night. But how high that ſup. 
poſes the Mountains to be we ſhall ſhow in the fol. 
lowing Propoſition, -& | 


PROPOSITION XIV. 


Having the Time that the Sun is ſooner ſeen on the 
Top than at the Foot of a Mountain, to find it's 


Height, 


ELEVATE the Globe for the Latitude of 
the Foot of the Mountain; mark the Point on the 
Ecliptic oppoſite to the Sun's Place, and find how 
much the Sun is depreſſed for that Time; then from 
that Arc, as a Diſtance from which the Top can 
be ſeen, find the Height by Prop. iv. Chap. ix. 


PROPOSITION XV. 


Having the Moon's Place in the Zodiac, and its La- 
titude, to find the Places it will be vertical to it 
it's Revolution that Day. 


MARK the Moon's Place, taken from an Ephe- 
meris, on the Ecliptic, and apply one end of the 
Quadrant of Altitude to the Pole of the Ecliptic; 
and the other to the Mark in the Ecliptic ; obſerve 
the Moon's Latitude on it, and mark the Moon' 
Place thus on the Globe with Chalk, deſcribe 1 
Parallel thro? it, and all the Places in the Paralle 
give the Anſwer. Underſtand the ſame as to the 
other Planets; having their Latitude and Long: 
tude given, Es 

PRC. 


1 


lle 
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PROPOSITION XVI. 


Having the Moon's Place in the Zodiac, with it's La- 
titude and Day of the Near, to find when it will 
riſe, ſet, or be in the Meridian in any Place, 


ELEVATE the Globe for the Latitude, and 
mark the Sun's Place, and alſo the Moon's, as 
we ſhewed in the preceding Propoſition ; then 
bring the Sun's Place to the Meridian, and the 
Index to 12, and turn the Globe 'till the Moon 
riſe, be in the Meridian, and ſet; and the Index 
will ſhow the Hour, The ſame may be done for 


the other Planets, 


PROPOSITION XVII. 


To find the Places on the Globe where the Moon will 
be, riſing or ſetting, or in the Meridian, at any 
Hour, having it's Latitude and Longitude, 


MARK on the Globe the Sun and Moon's 
Place as before, and bring the Sun's Place to the 
Meridian, and the Index to 12; turn the Globe 
till the Moon's Place come to the Meridian; and 


mark the Hour on the horary Circle; for thereby 


you know in what time the Moon will come to 
the Meridian after the Sun; and then deſcribe the 
Parallel of the Moon, by bringing it to the braſs 
Meridian. Next bring the Sun's Place to the 
Meridian, and the Index to 12, and turn the 
Globe *till it point to the Hour given; and all 
the Places under the Braſs Meridian will have the 
Moon then in their Meridian. Bring back the In- 
dex to 12, and turn the Globe till it point to the 
Hour given; then the Point in the Parallel un- 


der the Braſs Meridian, ſhews the Place where 


K 3 tis 
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tis then vertical: Which Place bring to the Zenith 


of the Horizon; and thoſe in the Eaſt Horizon 
have the Moon ſetting, and in the Weſt, riſing. 
The ſame may be done for the other Planets. 


PROPOSITION XVIII. 


Having the Day and Hour in which there is 10 be an 
Eclipſe of the Moon; to ſhew on the Globe all the 
Places where it can be ſeen, and particularly thoſe 
that will have the Moon in their Meridian, and in 
their Horizon, eber riſing or ſetting. 


T HIS differs a little from the former; but 
hath a much eaſier Solution. | 
FROM the given Day mark the Sun's Place, 

and the Point oppoſite to it is the Moon's 
Place, 

FIND the Place on the Globe where the Sun 
is then vertical, and find their Antipodes by Prop. 
vi. Chap. xxviii. and with them the eclipſed Moon 
will be vertical. Elevate the Pole for the Latitude 
of that Place, and bring it to the Zenith, and all 
the Inhabitants above the Horizon will ſee the E- 
clipſe; and they under the braſs Meridian will {ce 
it in the Meridian; and thoſe in the Weſt or Eaſt 
Horizon will ſee it riſing or ſetting. 

B U T. whereas an Eclipſe laſts ſome Hours, and 
there may be conſidered it's beginning, middle, 
and end, we here conſider only it's middle. 

AND the Moon being leſs than the Earth, it 
illuminates leſs than an Hemiſphere; and is ſeen 
at once by the Inhabitants in the leſſer Part, ſo 
as *tis not longer ſeen. by thoſe in the eaſtern 
Horizon, tho' at the ſame Time it hath not yet 
appeared to thoſe in the weſtern Horizon. And 
we muſt conceive a ſmall Circle parallel to the Ho- 
rizon that terminates the light and dark Part: _ 
| a: OW 
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how much *tis leſs than the Hemiſphere we ſhall 
| ſhow in the next Propoſition, 


PROPO ST TION XIX. 

Having the Semidiameter of the Earth and Moon, and 
their Diſtance ; to find how much of the Earth may 
be illuminaled by the Moon at once, 


THIS is done the ſame way as in Prop. xi. 
Let (Fig. 33.) the Center of the Earth be S, and —_ 
| of the Moon A, draw the Tangents LB, OC; | oh 
theſe are the laſt Rays that come on the Earth, and 05 
ſo the Arc O H denotes the Part that is illumi- 
| nated, where they can all ſee the Moon at once, 
which how much leſs it is than an Hemiſphere, will 
| appear by finding the Angle HSL, or the Arc 
HL. Draw B N parallel to AS, then BA will 
be equal to SN, and NL the Difference of the 
two Semidiameters, and B N being equal to AS, 
and NLB is a right Angle. Then in the Triangle 
NB L the Angle NB L may be found thus; As 
NB to NL, ſo is the whole Sine to the Sine of 
the Angle LB N, whoſe Arc is the Difference of 
H Land a Quadrant. Suppoſe then the Diameter 
| of the Moon, to be + of the Earth's; and in full 
Moon, let the Moon's Diſtance be 64 Semidiame- 
ters of the Earth, then NL. will be 15 3 and As 64 
is to 15, ſo is 10000000 to 114583 the Sine of 39 
| Minutes, and ſo HL is leſs than go Degrees by 
39 Minutes or 89 Degr. 21 Min. | 
A Place therefore being fixed on the top of the 
Horizon, the People, to whom the Moon riſes and 
ſets, will not be thoſe who are viſible in the Ho- 


yet rizon itſelf, but in a Parallel of the Horizon, 39 
5 Minutes diſtant from it. 3 
and N K 4 PRO. 
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PROPOSITION: XK 


Having the Declination of a Star, to ſhow os the Globe 
= the Places where that Star will be le in W's ; 


Revolutio . b Az e a wi Fe 95 * | 


- MARK it's Dichineridncant 3 
and under that Mark draw a yen n you 
have the Places. 1 


PROPOSITION. XXI. 


Having the right Aſcenſion of a Star, and the Day of 

\ the Year, and Hour of the Day; to find the Places 
where that Slar will af in the e at a given 
Hour. 


MARK the right Aſcenſion of the Star on 
the Equator, and bring the Sun's Place to the 
Meridian, and ſee what Degree of the Equator is in 
the Meridian; then the Diſtance of the two Points 
obſerved being turned to Time, ſhows the Diffe- 
rence of the Times of the Sun and Stars coming 
to the Meridian; then find the Places where the 
Sun is in the Meridian at the given Hour, and 
the Hand being brought to 12, turn the Globe 
till the Degrees marked on the Equator come to 
the Meridian ; then all the Places under the braſs 


Meridian will have the Star in their Meridian at 
that Time, 


PROPOSITION XXII. 


Having the Declination and right Aſcenſion of a Star, 
and the Time of the Day giom, to find by the Globe, 
(i) The Place tis wertital to. (2) The Places 

where *tis above, and where tis under the Horizon 1 
and (3) where lis in abe Meridian, and where it 


- gbea riſes or ſets, 
FIRST 
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FIRST, from it's right Aſcenſion, find where 
the Star is then in the Meridian, and keep thoſe 
Places under the Meridian, and count the Declina- 
tion of the Star on the Braſs Meridian, and you 
have the Place it is then vertical to ; bring that 
Place to the Zenith, the Globe being elevated for 
it's Latitude, and thoſe Places under the braſs 
Meridian will have the Star in the South or North 
Meridian, and thoſe 1 in the Eaſtern Horizon 1 
have it ſetting, and in the weſtern riſing. 


PROPOSITION XXIII. 


To find by the. Globe the Places where the Sun, Moon, 
and Stars will be. as long under the Horizon as they 
are above, with us or any others, 


BRING, the Place to the Meridian, and find 
the Antœci of that Place; who will have them 
as long under, the Horizon, as they are above 
Ray that Need Bs 1 be a ſhewn on abe 


PROPOSITION. XXIV. 


To ſhow the Cauſe why the Length of the Days in- 
creaſes or decreaſes faſter at ihe Equinofial than 
at the Solſtices, when there ſeems to be no difference ; 
and that in all Places, except under the Equator ; 
and the more the further from the Equator. 


FOR Example; Let us take thirty Days be. 
995 the vernal Equinox (from the twenty firſt of 
February to the twenty firſt of March), and thirty 
Days after the Winter Solſtice (from the twenty 

firſt of December to the twenty firſt of January): 
I would know why the twenty firſt of March ex- 
ceeds the twentieth of February, more than the 

A twenty 
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twenty firſt of January doth the twenty firſt of De- 


cember. | 

IE Parallel for theſe four Days being drawn, 
you will fee that of the Equator is further from 
that in the firſt of Piſces or Scorpio, than that 
thro* Aquarius or Sagitlarins, is from that thro' the 
firſt of Capricorn; whence there is not much 
more of the Parallel thro? the firſt of Aquarius a- 
bove the Horizon, than of that thro? the firſt of 
Capricorn; but much more of the Parallel, thro? 
the firſt of Aries, or of the Equator, is above the 
Horizon, than of the Parallel thro? the firſt of 
Piſces, Whence we underſtand that the Length 
of that Day is owing to the Declination of the 
Sun, or of the Points of the Ecliptic. Under the 
Equator the Days are ſtill equal, tho* the Sun 
ſcems at the Solitice to ſtand or change but a little 
the meridian Altitude; and it will appear that the 
inequality of the Days 1s the more ſenſible, the 
further the Place is from the Equator ; if you ele- 
vate the Globe for thoſe Places, you will ſee a 
greater Difference in the Arches of the Parallels 
above the ri, 


PROPOSITION xxv. 


I Places at the Equator the Sun goes faſter from ihe 


"Zenith than in Places near the T ropics, and within 
be Torrid Zone. | 


MARK on the braſs Meridian, ſuppoſe the 
fifth Degree of Latitude, and another in eighteen 
Degrees brought to, and marked on the Meri- 
dian; and count five Degrees from it towards the 
Tropics on the braſs Meridian, and ſet a mark there 

_ alſo 3 it may be ſhown that the Sun will ſooner in- 
creaſe in the five Degrees of Declination near the 
Equator,. than in thoſe from it: for . — 

| 0 


N 
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Globe ?rill a Point in the Ecliptic comes under 
eighteen Degrees, and 'till again it comes under 
thirteen, which is five leſs, it will cut off a greater 
Part of the Ecliptic than is between the two Points 
that come under the fifth Degree, and the begin- 
ning of the firſt; and therefore the Sun goes ſlower 
from the 3 in the ſecond Place, chan from 
the Zenith of the Place in the Equator, 
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of the Properties arifing upon comparing one 
Place with another, 
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CHAP. XXXI. 


Of the LO NOIT TU DE. 
DEFINITIONS. 


— — 


we HE Circle of Longitude of any Place 
ais the Circle that paſſes through the 
Place, and both the Poles. It is al- 
JJ ſo called a Meridian Circle, which 
are one and the ſame Thing; tho 
different i in * ſong Reſpects : for the Meridian hath 
reſpect to the Motion of the Stars, and the Circle 
of Longitude to the Earth's Extenſion, without 


regard to the celeſtial Motions, But the Meridian 
8 3 


4 
| 
| 
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is the more common Name, which we ſhall there- 
fore uſe here. They are plainly ſeen on the Globes, 
ind in the Maps, paſſing thro' every ten Degrees 
Eo ö „„ Ie rus. 

2. THE Longitude of a Place is the Diſtance 
of it's Meridian, from a certain Meridian (meaſu- 
red on the Equator) which is called the firſt ; and 
the Longitude of the Earth itſelf is it's Extenſion 
from Weſt to Eaſt, conceived on the Equator. 
The firſt Meridian is made conſpicuous on the 
Globe and in Maps. 

3. THE Diſtance of one Place from another 
is the ſhorteſt Line between them, on the Earth's 
Superficies. | 

4. ANY Point on the Globe, or Map, is ſaid 
truly to repreſent ſome Place on the Earth, if it 
hath the ſame Situation and Diſtance to the other 
Points on the Maps, that the Place hath to the 
other Places repreſented by them, | 


PROPOSITION I. 


There is no Meridian determinated in Nature to be 
the firſt, and therefore any one may be taken for 


the firſt. _ 


1 O underſtand this aright we muſt go a little 
back; for ſome conceive a Myſtery here, where 
there is none. All Superficies both plain and curve 
are meaſured by two Dimenſions (as a Line is by 
one, and a Body by three) as is known from Geo- 
metry, and the common Buſineſs of Life; of which 
two, one is Length, and the other Breadth ; and 
the one is conceived perpendicular to the other: 
and theſe two are not in themſelves different; for 
that we call Length may be called Breadth, tho' 


the longeſt is uſually called Length, 


Ii 
. 
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IN regular Figures, as equilateral Triangles 
Squares, Fc. theſe two Dimenſions ate the ſame, 4 
but the Earth's Superficies is ſpherical, and the 
Length not really different from the Breadth, except 
in our Conception, for the more diſtinct under. 
ſtanding of the Thing. And theſe two Extenſions 
may be conceived on the Earth thus; if we take 


the Periphery of a Semicircle from one Point to 


it's oppoſite Point, it will be one Dimenſion; and 
if that again be cut in the middle at right Angles 
by a Circle (as the Length and Breadth is taken 
in all Superficies) that ſhall go round, and be the 
other Dimenſion for meaſuring the Earth's Super- 
ficies, as if it were extended into a Plane. The 
firſt of these being only a Semicircle may be called 
the Latitude of the Globe; the other being a whole 


Circle the Longitude of it. Some ſay they are 


called Latitude and Longitude becauſe a leſs Part 
of the Earth was known to the Antients towards 
the Poles than eaſtward or weſtward. 

MORE OVER, onthe Globe any Semicircles 
between the Poles may be taken. for the Latitude, 
and a Circle perpendicular to it, for the Longitude, 
and ſo on the Earth; but for the memory ſake, it 
is beſt to take ſuch Lines as have ſomething pecu- 
liar and remarkable, as the Line from Pole to Pole, 
and the Circle that paſſes in the middle between 
them, as the Equator doth. 

THUS it appears plain, why the Latitude is 
meaſured on the Meridian, and the Longitude on 
the Equator. | 

T HIS Latitude and Longitude of the Earth 
is not to be taken for thoſe of a particular Place: 
for they are only expreſſed fo becauſe they are mea- 
ſured on thoſe of the Earth, and are a Part of them. 

AND, properly ſpeaking, a Place or Point, hath 
neither Latitude nor Longitude: and theſe two 
different Senſes of the Words ought to be well re- 

; 9 | membred ; 


or ITE” 


membred; for the Words frequently occur among 
Geographical Writers; as when we ſpeak of the 
Latitude and Longitude of Spain, the Words are 
taken properly for Length and Breadth z but 
when we ſpeak of the Latitude and Longitude of 
2 Place, taken as a Point we mean it's Diſtance 
from the Equator, and from the firſt Meridian; 
and in my Judgment it were better not to uſe the 
Words Latitude and Longitude, but only Diſtance 
from the Equator, and from the firſt Meridian: 
but being ſo long uſed they cannot be now abo- 
liſhed z and we ſhall uſe them hereafter in this 
Senſe. 4 LES, 
MOREOVER, the Latitude of a Place hath, 
like the Latitude of the whole Earth, remarkable 
Places for the beginning of the reckoning ; as the 


Poles and the Equator ; but the Longitude going 


round the Earth, hath no certain Place, for a be- 
ginning: and therefore we may begin at any Point 
in the Equator, and count the Meridian that paſſes 
thro? it the firſt Meridian, from which the reſt 
are reckoned. | $5 

WE ſhall ſhow why theſe two Diſtances from 
the Equator, and the firſt Meridian are enquired 
after, as in Prop. iii. | 


PROPOSITION II. 


To determine the firſt Meridian on the Globe of the 
Earth, from which we are lo begin to reckon ihe 
Longitude. e 


WE ſaid before that we may begin at any Point 
on the Equator to reckon the Longitude, but tis 
better to fix upon one place, thro* which a Me- 
ridian being drawn, may be counted the firſt. Geo- 
graphers have not all agreed on this Place. Ptolemy 
choſe to make that the firſt Meridian which paſſes 

* near 
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=_ — — - Z 
oF. K —:nꝶ.b %% 
= — 


672 The Comparative Part St c'T. VI. 


near the Fortunate, which are Iſlands about one De. 
gree from it; and reckons from thence to the Eaſt 
thro* Africa and Aſia; chuſing to begin at a Place 
inhabited, and which was then the Bounds and 
Limits of the known Part of the Earth to the 
Weſt, and to end at the eaſtern Shore of Siam in 
Aſia ; but America being known not many Ages 
ago, and long after Ptolemy*s Time, the firſt Me- 
ridian was removed more to the Weſt. Some made 
that the firſt which paſſes thro* the Iſle of &. Mi. 
colas ; which is one of thoſe near Cape Verd; and 
Hondius choſe the Iſle of Si James to be the firſt 
Meridian in his Maps. 
OTHERS choſe that which paſſes thro? the 
Ifle del Corvo one of the Azores, becauſe the Needle 
was found not to decline from the North there, 
and in the adjacent Seas, but to lie in the meridian 
Line; and this beginning Mercator chuſes. 
BUT ſeeing there are other Places where the 
Needle points to the North, and it doth not ſo in 


every Part of that Meridian; Geographers thought 


this not a ſufficient Reaſon; ſome fixing it at the 
Shore of Braſil, that runs out into the Sea, 
LAT ER Geographers, eſpecially the Dutch 
chuſe to begin at the Mountain Tereriff, in the 
Fortunate, or Canary, Iſles, which is counted the 
higheſt on Earth, and is called the Pike of Tenerif; 
and the rather becauſe they thought ſome remark- 
able Place ſhould be choſen that might be moſt 
known to future Ages; and fo-Piolemy's firſt Me- 
ridian, tho? long obſerved, was not laid aſide with- 
out good Reaſons. The French, ſince the Year 1634, 
have taken that which -goes thro? the weſt Part of 
the Iſle of Ferro, one of the Canaries, which the 
French King, Lewis the thirteenth, commanded 
his Sailors and Geographers to obſerve. 
ASTRONOMERS alſo have taken diverſe 
Places for the firſt Meridian; the Followers of 
T6 8 | Tycho 


_ fix it at A. an | INand in the Dani 
Streights, and calculate the celeſtial Motions to 
that Place, and from thence accommodate them to 
the reſt. Others chuſe other Places according to 
the Authors of the Ephemeris they uſe, who cala 
culate the Ephemeris, and the Planers Places for 
the Meridian of theit own Place. As Origanus for 
Frankfort ; Maginus for Venice; Eieadia: for 
Stetin; Lanſberg in his Table takes Geſa in Zees 
land; and Reinboldus' the Royal Mountain of 
Pruſſiu. nN 1A 
BUT to ſuy the Truth, all An Di defence 
hath ariſen without any F oundation; ſo that they” 
are to be blamed” who firſt changed 'Ptolemy's 
Meridian: for it is no matter where they begin, 
whether at a Place remarkable, or moſt to the 
Weſt or Eaſt; provided we may know the Situa- 
tion and Diſtance of other Places from it accu- 
rately ; and that variety of firſt Meridians hath 
burthened the reading of Geographical Writers 
with Confuſion and DiMcutry. Yet becauſe the 
Knowledge of the Variation of the Needle from 
the Meridian is of great Advantage, and that Va- 
riation increaſes to a certain Meridian, and then 
decreaſeth; it will be uſeful for finding that 
Variation, and comparing the Increaſe and De- 
creaſe of it, to chuſe that for the firſt Meri- 
diany in which, or in moſt Places of it, the Needle 
5 little or no Vatiation; if any: ſuch is to be 
AND. n the Dutch tow uſe that which 
goes over Teneriff, and they ſail to all Parts of 
the Earth; it will be convenient to uſe that with 
them, for the better underſtanding the Diaries 
they publiſh. | * ACT 
AN D Students ſhoutd know in reading of Au- 
thors, that where mention is made of the Longj- 
"ll OL. II eee 
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tude of a Place, or of a certain reer N | 


| os: apy gt Þegins his firſt: Meridian. 
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Having abe Latitude and Longitude of 0; — 


find it on the Globe or Map; and a 11˙4 Sue. 
lion and Diſtance from 9 * N Ni Vn 


W 0 ur 


17 11 E problem for which, 0 Method ; is . 
with ſo much Care and Induſtry, is, to find the 
Longitude of the Place in which we are; and be- 
fore I come to it, I thought fit to premiſe the Pro- 
blem for which the Longitude is wanted ; leſt the 
Reader ſhould be diſguſted rewünt of knowing 
the uſe whereto it is ſubſervient. 

FOR Seamen (as to thoſe hes Wand by Land 
they have not much need of it) having gone far 
from Land, and not being ſure of the Way they 
went, becauſe of ſeveral Diſculries,- they cannot 
trace it out certainly in the Maps, and ſo cannot 
determine the Ship's, Place, or the Coutſe they 
muſt ſteer to their deſired Port; which they doull 
do if they had both their Latitude and Longitude. 
Mathematicians have taught them to find the La- 
titude at Night by the Stars, and in the Day by the 
Sun; as we have ſhewn before: they that pretend 
to do it by the Magnetic Needle, ſhow. their want 
of Skill. And if they had the Longitude, then 
where the Meridian they are in cuts the Parallel 
of their Latitude is the Place they are in, on the 
Globe or Map. And this Method of the Section 
of two Lines is uſed eee to find a Point: 
Place. F 8152 
FOR the Selotton of chi third: Praten count 
the Degrees of Latitude from the Equator on the 
braſs Meridian, and having chalked. it, draw the 
Parallel ; then bring the known Meridian.the Place 


is 


Changi, of Uniiverſah: 


carne, 693 
is in (which is diſtant from the firſt by the De- 
grees of Longitude) under the braſs. Meridian, 
and where it cuts the Parallel of Latitude is the 
Place ſought: if any Meridian be drawn thry' the 
Place, the Work is eaſier. 100 

IN ſtrait lined Maps (auch as the ns 
are) find the Latitude on the Margins on both 
Sides, and draw a Line thro them which repre- 
ſents an Arc of the Parallels; then at the Head 
and Top find the Longitude, and draw a Meridian 
thro? the De Degree, 175 itude, the mu of In- 
terſection is the place. my ſhorter, thus; Lay a 
Ruler on the Degrees of Longitude, at the Head 
and Bottom, and ſet. the Degree of Hoon 
taken from the Map with, à Pair of C 
along the Side of the Weg and you. Rahe dhe the 
point. And the ſame Way in curve lined Maps; 
only we muſt draw circular e * I 

THIS is the firſt remarkable Uſe of, tl ic Lon- 
gitude in ſailing. 

THE ſecond uſe is more meceſfary ; viz. the 
Conſtruction of Globes and Maps thereby; for 
the places are by the Latitude od Longitude ſet 
down on Globes and i and hence, it Is they 


PI 55 


ing the. "ky in other” I, Ihen any ſeal 
R happens; of which in the following 
Propoſition,  _ 
HE. fourth uſe is to find; the Diſtance of two 
W n ORG their n and e 
given. 3 


PROPOSITION IV. 


The Sun, Stars, and every Point of the Equator or 
Parallel, removes from the Meridian lis in, fifteen 
Degrees in an Hour, or in a Minute of Time, 
fifteen Minutes of a Degree; and in four Minutes 

one Degree. ii es U | 


FOR an Hour is but the twenty fourth Part 
of time in which they revolve from any Meridian 
till they return to it; and three hundred and ſix- 
ty Degrees in the Circle divided by twenty four 
gives fifteen in the Quotient. 

IT HE fame will appear on the Globe: bring 
a Point on the Equator to the Meridian, and 
the Index to 12, turn the Globe *till' the Index 
Point to 1 or 2, and you will fee fifteen Degrees 
have paſſed thro* by the meridian. Hug 


COROLLARY. 


IF a Place be fifteen Degrees more eaſterly 
than another, it will be eight or nine o'Clock 
with them by an Hour ſooner than in the other 
Place ; if thirty Degrees, two Hours ſooner ; and 
ſo they will have the heavenly Appearances ſo 
much ſooner than the other : but if more weſterly 
than the other, they will be ſo long behind the 
other in their reckoning : or, which is the ſame 
thing, if one hath an Appearance in the Heavens, 
as an Eclipſe, an Hour ſooner than the other, 
* be fiſteen Degrees more eaſterly. 

ote. When we add the Sun and Planets with the 
fixed Stars; as in ſaying they move fiſteen Degrees 
weſterly each Hour; we do not underſtand it to 
be exactly ſo, for tho* it is true of the Stars, 


yet becauſe the Sun and Planets in t he man time 
5 erevolve 
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revolve to the Eaſt, they come later to the meri- 
dian, and by degrees they remove from the fixed 
Stars; but it is ſo little in a Day, (being in the Sun 
but ten Seconds, and in the ſuperior Planets leſs), 
that they are accounted to move fifteen REL) in 
an Hour, as the fixed Stars do. PER 


PROPOSITION . 32 


Heving the T ime. of an Appearance. in the Heavens 
roith us, and with" others, 10 Ban the Dijon of 


their Longitude from: ours, 


THIS is eaſy ** what hath been faid, . You 
are only to turn the Difference of Time into De- 
grees 3 counting fifteen Degrees for an Hour: and 
if their Hours be leſs than ours, then they are ta 
the Weſt of us, but if more, to the Eaſt, _ 


PROPOSITION VI. 


Having again the two Times in which. there i is ea re- 
markable Appearance in the Heavens; 10 ſind tha 
Difference of Longitude b ) the Globe or Map, 


TURN the Difference of Time into Degrees, 
as before; and bring the one Place to the braſs 
Meridian; and conſider whether the other lies to 
the Eaſt or Weſt of you, by their Hours being 
more or fewer, as before; if to the Eaſt count 
ſo many Degrees on the Equator eaſterly, and 
turn the Globe ſo many to the Weſt, and the Me- 
ridian under the braſs Meridian ſhows the Longi- 
tude of the other Place. This may be done better 
by the Index of the Hour Circle, as before, And 
on the Map, apply a Ruler to the Longitude 
of tht ones, — count e man E on the 
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"PROPOSITION. Vl: 

To find "R Tlongirnds of the Place we are- * ove our 


Diſtauce from any known" png ee that 45, or may 
be, drawn on the Globuuu 46 ot? 


T H ES is the Problem whoſe: Solution Sailors 
have ſo long wiſhed for, from Mathematicians ; 
and would render Navigation almoſt perfect, and 
liable to very few Errors. This for theſe two laſt 
Ages (in which the Europeans have ſailed with 
great Labour and Succeſs thro' all parts of the 
vaſt Ocean) hath exerciſed and diſtracted the 
Wits of many; and for the Solution of which 
the Engliſh, Dutch, and French, have promiſed 
each of them fifty thouſand Gilders as a Reward, 
But none have gained it, tho? many rs pro- 

ſed and tried ſeveral Methods; and ſome have 

een ſo fond of their own Ih ventions as to require 
the Reward; but their Method being examined, 
hath been found very deficient, as we ſhall ſce 
| hereafter,”* The Dutch and Germans expreſs the 
Problem as we have done; tho“ many of them 
uſe another phraſe; viz. finding the Eaſt and 
Weſt, which is quite another Thing; ſo great 
Liberty 46 the Vulgar take to expreſs” Thing: 
their own Way, tho! ever ſo improperly: Thus 
they ſhow us by the Phraſe, that they know not 
what Seamen' mean when they ſpeak of finding the 
| Eaſt and Weſt, which is a dung from the preſent 
purpoſe, and which Seamen know well,” whatever 

rt of : & Sea they are in, by the he helpsof their 

Needle,” which pints Norch and South; and with- 
out that they may by knowing the North and South 
know alſo the Eaſt and Weſt; bich are ortheir right 
and left Hand as they locle to the North. Bur the 


Matter is to know how fa the - daneben = 
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in is removed from the firſt Meridiati on the Equa- 
tor. Why then, may ſome ſay, have Seamen 
expreſſed themſelves thus? The Reaſon is, that the 
Vulgar conceiving things ſlightly give the ſame 
Names to things that are only like to one another; 
thus they call America the Weſt- Indies, becauſe it was 
found out a little after India; ſo here, becauſe the 
North and South is known by the Needle, and 
they deſire as eaſy a Way to find the Longitude 
which is reckoned from Eaſt to Weſt; they take it 
to be finding the Eaſt and Weſt Points 

WE come now to the Solution of the Problem 
for which ſeveral Methods have been thought on. 
All agree in this, that it cannot be done without 
ſome celeſtial Appearance of the Stars or Planets, 
which the Latitude itſelf requires (for as to the 
oy 6 Blom that is too doubtful, and ſubject 
to Errors). Yet it might be done without the 
Appearance of the Planets, if we could make a 
„ 7 HC, 09 

WE have ſhown in the preceding Propoſition, 
that if we have two Times of a celeftial Appea- 
rance in two Places, their Difference turned to 
Degrees and Minutes gives the Difference of Lon- 
gitude. And ſeeing in an Ephemeris we have 
the Time of the Conjunction of the Planets, and 
of Eclipſes, their beginning, middle, and end, 
determined for a Place whoſe Longitude is known; 
if then we could find the Hour in a Place at Sea 
when theſe celeſtial Appearances happen, we ſhould 
have the "Difference of that Meridian,' from the 
Meridian for which the Planets Place, or their 
Conjun&ion with the fixed Stars, or Eelipſes, were 
calculated. Nor would it be hard to find the Hour 
of the Place at Sea, for that is determined from the 
Altitude of the Stars or the Point they are in: 
but there is no celeſtial Appearance which can be 
obſerved ſo accurately as to be uſeful this way. 

" "Be 'S BUT 
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BUI there are other Ways by which the Lon- 
gitude is ſought after, without the knowledge of 
the Hour and regarding the Planets Motions, Yet 
they require the knowledge of Things which are 
as much wanted, and ſo have no place here, tho 
ye ſhall explain theſe ways hereafter, Now the 
knowledge of the Time cannot be had from ce- 
leſtial Appearances, For Example, Saturn moves 
in the  Ecliptic ſcarce five ſeconds in an Hour; 
and tho? they may calculate his Place to an Hour 
and Minute ; yet becauſe he moves fo ſlowly he 
will appear as in the ſame Place for ſome Hours; 
and therefore we cannot compare the Hours in the 
two Places together; if there be only an Hour, 
or fifteen Degrees difference in the two Meridians: 


for in that ſhort time he ſcarcely alters his Place. 


AND ſo the Sun moves each Hour in the 


Ecliptic about twa Minutes and a half; which is 
tog flgw for an Obſervation, tho? very accurate; 


and an Error of an Hour is eaſily committed; 
whereas the Sun muſt appear in different Places 


every Minute or two: for if it appear in the ſame 


Places for two Minutes, we cannot know exactly 
the Hour; and an Error of twa Minutes will be 
an Error of half a Degree on the Map, which is 
ſeven German Miles and a half. The beſt Ap- 
pearances (to come within a Minute ar two) are; 


1. An Eclipſe of the Moon. 2. The Moon's 


Place in the Zodiac. 3. It's Diſtance from, or 
Appulſe to, the fixed Stars. 4. The Moon's en- 
tring into the Ecliptic, and cutting it, 5. The 
OConjunction, Diſtances, and Eclipſes of the Satel- 


lites of Jupiter, which have been wonderfully diſ- 


covered in this Age, by the help of Teleſcopes 
Ang greatly ganfirm the Gopermioge. Hypothelis, | 
Deni e ag; ee CCC Ft 
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| 25 Eclipſe of the Moon. x by a 


THIS is an excellent Method, and accurate 
enough if there were Eclipſes every Night: thus 
as ſoon as you perceive, by means of the Teleſcope, 
the beginning or end of an Eclipſe of the Moon 
obſerve the Altitude of a Star, or Point in which 
it is; which with the Altitude before given, or 
then found, will give the Hour of the Night. And 
if the Star be in the Meridian, the Work will be 


the ſhorter, And this Hour and Minute compared 


with that Hour and Minute in which the Appear- 
ance is to be, by Calculation, gives the Difference 
of Time, and ſo of the Meridians, for which the 
Calculation was made, and where the Eclipſe was 
ſeen: or, the Meridian of the Ephemeris being 
found in the Map, you may find the Meridian 
yoy are in, which js either to the Eaſt, if the 


| Hours are more, or to the Welt if leſs than thoſe 
in the Ephemeris. | 


The ſecond Method of finding the Longitude 4 by the 
Moons place in the Zodiac. 


THO that Method by the Eclipſes of the Moon 
is very accurate; yet becauſe thoſe. Eclipſe are 
but ſeldom, nor all ſeen in all Places, the Pro- 


blem is not ſufficiently ſolved; and the Seamen 


will not be much the better for it; yet it is a very 
uſeful way at Land, where Mathematicians live, 
and can gbſerve them truly; for thereby the Lon- 
gitudes of moſt Places are ſet down in the Maps. 
But this ſecond Method, by the Moon's Place in the 
Zodiac, - may be tried frequently, tho? the Qbſerva- 
tions and Calculation are very troubleſome and per- 
Peneds hecauſe of the double Parallaxes; and an Er- 

{PV | ror 


682 Me Comparative Part 8 EC. VI. 
ror of an Hour itſelf may creep into the Work, which 
will. cauſe a Miſtake of about an hundred Miles. 
Tho? the Error will be Teſs if you take the Minute 
when the Moon is in the Ecliptic, afd find the 
Hour of the Night, by the Aſtitude of ſome re. 
markable Star, or by the Time it comes to the 
Meridian, which is better. Then from that Hour 
find what Point of the Zodiac or Ecliptic is in 
the Mid- heaven, as Aſtronomers ſpeak,” or in 
the Meridian, as we ſhall ſhow, which compare 
with the Time when the Moon comes to the Me. 
ridian, by the Ephemeris ; and thus we ſhall have 
the Hours in two Places as before, from which 
the Difference of the Meridians is found: 


The third Method; by the Diftance of the Moon from 
K 4350 | fome fixed Star. K i | r 


' BECAUSE we cannot obſerve the Moon in 
the Meridian for ſome Nights before and after New 
Moon, it being near the Sun; and ſo the uſe of it 
is not ſo frequent as Seamen deſire ; therefore ano- 
ther Method, which may be more frequently uſed, 
is propoſed by the appearing or removing of the 
Moon to or from the fixed Stars; but the Calula- 
tion is ſo troubleſome by the Parallaxes, and the 
Solution of oblique ſpherical Triangles, that Sea- 
men cannot uſe it: nor will I trouble young Stu- 
dents with the multitude of Precepts thereto be- 
longing ;' it requiring Men well verſed in Calcu- 
tations to go thro? it. There is a Monk in France 
called Duillerius, who thinks the Difficulties here 
may be avoided, or eaſily overcome, by a peculiar 
Method of his own ; having lately publiſhed a little 
Book, in which he profeſſes to give an uſeful Mea- 
thod to Seamen for diſcovering the Longitude z ad- 
ding ſeveral other things, and dedicating the ſame 
to the Froncb King; and afterwards (becauſe 5k 
101 aps 
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ps he got nothing for it) to the Confederate 
8 of Halland; and at this Time that I am 
writing he demands the Reward. In the Book he 
gives t wo Rules, tho' they are almoſt the ſame; 
only the firſt is propoſed more obſcurely, and is of 
no ſervice to Seamen. But he contradicts Euclid's 
Elements," yet pretends, that the Error will cauſe 
no Error in Practice; and therefore in the end of 
the Book he adds an eafier Method, by which 
there muſt be a celeſtial Globe exactly made, in 
which the Ecliptic and it's Poles are accurately 
placed. 2. There muſt be an Ephemeris for the 
Sun and Moon, perfectly true, at hand. The 
Author ſays he uſed the Rudolphin Tables, and 
found them to agree with the Heavens. 3. From 
theſe Tables muſt be taken the Latitude and Lon- 
gitude of the Moon, for that Day in which the 
Obſervation is to be made; then applying the 
braſs Quadrant, one end to the pole of the Eclip- 
tie, the other to the Moon's place in the Ecliptic, 
obſer ve the Latitude of the Moon upon it, and 
mark it; that Mark ſhows the Moon's place on 
the Globe, and it's Situation for that Day: and 
ſo from the Tables find the Moon's place for 
the next Day, and mark it; then take a narrow 
piece of Paper, of a ſmall Length, and apply it to 
the Globe above thoſe two marks (for in this the 
whole Art conſiſts, as he confeſſes) and marking 


the two points on the Paper, and, applying a 


Ruler, draw a Line from the one to the other; 
and that Line will ſhow the Moon's way in a Day. 
Then obſerve the Moon's Diſtance from a known - 
Star at that Time, and taking it in Degrees and 


Minutes from the Equator, or Ecliptic, on the 


Globe, fix one point of the Compaſs on the Star, 
and with the other deſeribe an Arch on the Moon's 
path, and mark where it cuts it, and bring the Qua- 


drant to it, and you have the Moon's place in the 


Ecliptic 
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 Ecliptic at the Time of Obſervation. Then find by 


Obſervation, gives the Difference of Time, and ſo 


the Ecliptic, and from which it goes five Degrees, 


may be alſo had when it comes to it by the Ephe- 


able to that by the Moon, as not being ſubject to the 
Difficulties of the. Parallax ; and when Jupiter is a. 
bove the Horizon it may (till be uſed. There are four 
Satellites which move about Fupiter as their Center, 
which may be ſeen by a Teleſcope: this was the 


about Jupiter is ſwift z for they have a Motion in 
other Stars round the Earth; that next Jupiter gos 


the Ephemeris when the Moon will come to that 
Point; which being compared with the Time of 


of the Longitude. I omit here ſome Precepts for 
the Equation of the Time, c. Thus the Author 
thinks to be free of the Parallaxes and Difficulties 
of the Refraction. There ſeems to me to be ſeveral 
Faults in this Method ; but my Book going to the 
Prefs, I had not Time to examine all his Rules. 


The fourth Method; by the Moow's entring the 
oy ” EI 


THE Moon's Path cuts the Ecliptic, in two 
Points, into which when it comes, tis ſaid to be in 


There muſt therefore be obſerved at Sea, the Time 
when the Moon comes into the Ecliptic ; the Time 


meris; and the Difference of the two Times gives 
the Longitude: but this Method is not eaſily fol. 
lowed, and the Calculation is very intricate, and 
_ to Errors; and ſo can be of little uſe in the 
Matter. | 


The fifth Method z by the Satellites of Jupiter. 


MOST Aſtronomers think this Method prefer- 


Fad — eas £..._.Tz 5 PSY 8 


great Diſcovery of Galileo, Their proper Motion 


common with Jupiter about the Sun, and with the 


Puget pony — ty 


round 
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round in one Day eighteen Hours and a half; the 
ſecond in three Days thirteen Hours and an half; 
the third in ſeven Days two Hours; the fourth in 
ſixteen Days eighteen Hours. Their Motion is to 
be calculated for every Hour; and their Motions 
may be found in ſome Books, tho*- not common; 
and the Time of their Conjunctions with Jupiter 
| (or of their immerſion or emerſion from his Sha- 
dow) being obſerved with a good Teleſcope, and 
the Time of Night when it happens; and con- 
ſulting the Tables, you will find when that immer- 
ſion or emerſion is to be; and the Difference of the 
Time, gives, the Difference of the Longitude. 


The ſixth Metbod; by Clock-work. 


BECAUSE all the former Methods have this 
Diſadvantage, that they cannot be obſerved every 
Night (as is known of the Moon, and ſo of Jupiter 
when near the Sun); nor is it eaſy to make Obſer= 
vations of them at Sea, becauſe of the Ship's Mo- 
tion; therefore ſome have quitted theſe, and are 
now wholly bent upon making a Piece of Clock- 
work that ſhall go true with the Sun ; and divide 
the Day exactly into twenty four Parts. 

IF ſuch a Thing could be made, it would 
render the Buſineſs eaſier for Seamen ; who then 
need only to obſerve truly the Hour of the Place 
when they left it, and ſet their Clock to that 
Hour, which would ſtill ſhow the Hour of thar 
Place whereſoever they went, and finding of the 
Hour of the Place they are in, as ſhall be ſhown ; 
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r they. have, as before, the two Wimes, which will 
give the Longitude of the Place they are in. 

0 BU T tho? Artificers have been at great Pains to 
n make ſuch a Piece of Clock-work, yet none have 
n had the good Luck to accompliſh it ; for both the 


Matter out of which it is made, and the Air at Sea 
hinders the equality of their Motions it mee 
aſter 
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faſter in hot than in a cold Air. So that the Clock 
which the Dutch, wintering in Nova Zembla, had 
placed in the Houſes, ceaſed to move; tho” they 
added a greater Weight. To ſupply this De. 
fect fome adviſe to bring the Clock every Day to 
the Hour of the Place they come at, which may 
be obſerved from the Heavens; yet a great Error 
will thus creep into the Work; for on the ſecond Day 
the Longitude of the Places comes to be found this 
way, there will be ſome ſmall Error, and the third 
Day another, and the fourth another; all which 
added will make the Error conſiderable.” For Ex- 
ample, if in one Day there be an Error only of 
four Minutes, which will be in,the beſt Clock they 
have yet made, the Error in the Longitude will 
be one Degree; and the next Day another, &.. 
Therefore this Method is juſtly neglected by Sea- 
men; and at the Time I am writing, there are 
ſome at the Hague Who promiſe to the States a 
true piece of Clock-work ; but it being examined 
by Men killed in theſe Things, it is found in- 


ſufficient 0). L Kn 
MMA. 


more chan or four II. 
nutes, according to M. Hayes 
and Conples p; then at Pari. 


There is 8 
Difficulty 1 in the uſe of iy 
for diſcovering the Longitude : 


becauſe how perfect ſoever they 


may be made, yet they will 
ſhew the Hours in Places of 
different Latitudes, different 
from thoſe of the Place they 
were made for. Thus for Ex- 
ample, if a Clock fitted for 


Paris were to approach the 


Equator, it would there ſhew 
the Hour flower by one twen- 
tieth Part, according to the 
Obietyations of M. Richer*, or 


® Fee Hiſt. Acad. R. by 
Au ee, p. 110. ” 


And hence proceeds that Retar- 
dation of the Motion of the Pen- 
dulumofthe Clock, towards the 
Equator, as mentioned Chap. iii. 
And Mathematicians by reaſon- 
ing according to the Principles 
there laid down, ſhew how 
much the Motion of a Clock 
may be retarded, according to 


the Diminution of the Latitude 


of the Place. But as in this 


Matter they are obliged to 
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the Hour is to be found at the place where the 
Obſervations are made, we ſhall ſhow, from A- 
ſtronomy, how that may be done; the Elevation 


ol che Pole being given, the Su i is to be ufeck 


by Day, and the Stars by Night, and in both 
Times 'tis beſt to obſerve when they come to the 
Meridian, and uſe a good Clock for the interme- 
diate Time: for in half a Day there will be but a 
ſmall Error, if care be taken: and ſo we have no 
need of the Latitude, tho' *tis wanted afterwards 
to find the Parallel of the Place. 

B Day we know *tis: twelve when the Sun 
comes to the Meridian, and then the Clock is to be 


brought to 12; but if the Hour be taken before 


twelve, bring the Clock to it; and obſerve when 
the Sun comes to the South, * the Clock will 
ſhow the Hours ſince the Obſervation, and ſo the 


Hour that was then. 


BUI if you obſerve the Sun out of the Ne. 
ridian, and 3 it's Altitude, you will have a 
ſpherical Triangle, in which is known the Com- 
plement of the Latitude, the Complement of the 
Declination, and the Complement of the Alti- 
tude; whence you may find the Angle between the 
two firſt by ſpherical Trigonometry. We ſhow-. 
ed, Ee, xi. _ xxix. HOW to do it by 5 


oſs an/;; Hypotheſis, -- which: 


themſelves. - do not allow 
certain, the Proportion they 
aſſign cannot be relied on, for 
diſcovering the Longitude of 
Places with any exactneſs. 
remains therefore to, be diſeq- 
vered, by accurate Obſervations 


# «6 4 


adn 3 = Pro- 


portion Clocks are retarded ac- 


cording to the different Lati-: 
tudes; that the Hour ſhewn 
may be reduced to the true 


It Hour of the 'Place departed 


Globe, 
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Globe, which may be ſufficient for a Geogra- 
Pher; but Seamen muſt find it by Calculation: tho 
tome find it by an Univerſal Planiſphere; but 1 
fear there will be an Error of ſome Minutes, By 
Night the Stars are to be uſed ; and ſome one or 
other may be found then in the South, or we may 
wait till one comes to it; then take the right Aſ 
cenſion of the Sun and Star, ſubſtract the former 
from the latter; but if greater, add it's Comple. 
ment to three hundred and ſixty to the Star's Aſ- 
cenſion; and turn the Degrees t to Hours and Mi- 
nutes. 11-01 


PROPOSITION VII. 


1 To explain other Methods of finding the Al, 

Wit . which properly give us not the Longitude #ſelf, but 

My the Point we are in, whoſe Longitude is wanted, 
which is of uſe to determine the __ 


1 We ef Method. 


Having the Diſtance of two Places, and the Laut 
of both Places, to find the Difference of their Lon- 
gitude; or the Point of the one being given in the 
N or Globe, to find the other. 


IF we uſe trigonometrical Calculation, we muſt 
find the Angle in the ſpherical Triangle, which 
hath three ſides known, i. e. the Angle between the 
Complements of the two Latitudes, or oppoſite to 
the diſtance turned to degrees. 

BUT by the Globe and Map thus. Take the 
Diſtance, turned to Degrees, with the Compaſſes 
on the Globe, and fixing one Leg at the Place 
given, cut the Parallel of the other in a Point thro 
which a Meridian being drawn, will be the Me- 


ridian of the other. But Maps, even Sea- Charts, 
are 
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are not ſo proper or ready for this Method, as not 
giving. the Diſtance accurately, 


110 2 
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Haulng the Point given, 2 one Place 1 in from. 
anolber, and the Latitude of both Places, to find 
the: Longitude of the other, and us "A on the 
Geh and wk Lach 0 1 


BY the Point i it is in we Auckland the Angle 
between the Meridian of the one, and a Line from 
the one Place to the other. By Trigonometry, find 
the Angle between the two Complements of the 
two Latitudes, and 1 have the Difference of 
Longitude. 

ON the Globe thus: bring the known Place to 
the Zenith, and there apply the Quadrant 6f Al- 
titude 3 and having drawn the Parallel of the other 
Place, bring the Quadrant | to the Point; and where 
it cuts the Parallel is the other Place: 

THE ſame way on the Map: draw the Paral- 
le] of the unknown Place, then draw a Line from 
the given Place to the Point in which the other is; 
and where that Line cuts the Parallel is the Place. 
It the Point a Ship fails on be enquired we muſt 
proceed otherwiſe, as in Chap. xxix. 


The third Metbod. 


Heving the Point a Place lies in from anotber ed... 
Latitude i» known, with their Diſtance, to find the 
Longitude of that Place, and it's Situation 0 on 1 the. 
Globe and Map. 


B Y Trigonometry ; having the Conplinidat of 
the Latitude, and the Diſtance in Degrees, and the 
Angle included between them, by having the Point 
S YOULL, M given; 
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given; find the Angle oppoſite to the Diſtance, 
which will be the Difference of Longitude. 

ON the Globe and Sea-Charts thus: bring the 
Place to the Zenith, andapply the Quadrant there, 
and bring it to the Point on the Horizon; then 
count the Diſtance on the Quadrant, from the Ze. 
nith; and a Meridian from the Pole thro? the Ex. 
tremity of the Arch of Diſtance, is the Meridian 
the other Place is in. We ſhall ſhow how this may 
be done by the Planiſphere in Chap. xxxiii. for the 
Globe is not ſo uſeful at Ses. 

THE fame way may be uſed to find the Place 
on the Sea- Charts; but 'tis not ſo accurate, as we 
ſhall ſee in the following Chapter. 


The fourth Method. 


Having the Diſtance of an unknown Place from two 
other Places whoſe Diſtance from them is known. 


ON the Globe: take one Diſtance turned to 
Degrees from the Equator, and one Foot being in 
that one Place, deſcribe an Arch, and with the 
Diſtance of the other, and one Foot in the other 
Place, cut that Arch; and the Point of Interſection 
is the other Place. : Ä 

AND the ſame way on the Map; only the Di- 
ſtance is not to be turned to Degrees, but taken 
from the ſcale of Miles; but if the Place be very 
remote there will be a conſiderable Error: for the 

Maps do not perform this accurately. _ 

TO work by Calculation is difficult, and re- 
quires a Figure; and is better learned from a 
Maſter than by reading, 


The 
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Heving two x "rl on the Earth; 3 abr Prints i in 

which a third Place is fituated from them, to find 
it's Place on the Globe and 1 11 ts 70% 
tude by Calculation. 5 


we” 


ON the Globe: bring one of © to the Zenith, | 
and apply there the end of the Quadrant of Alti- | 
tude 3 bring it to the Point on the Horizon; and 
draw a Line (or a vertical Circle from the Zenith) 
along the Edge of the Quadrant; and do the 
ſame with the other Place; and where the Quadrant 
cuts the firſt vertical Circle is the Place of the 
other. 

AND the very ſame way may be uſed for find- 
ing it on the Map. 

T HE Calculation of it we leave to a Maſter, if 
he find a Scholar that is capable of it. 

BUT enough is ſaid of finding the Longitude, 
whoſe great Uſe we have ſhown under Prop. 11. 

WE here add a Table of the Latitude and Lon- 
gitude of the chief Places of the Earth, that Stu- 
dents may have wherewith to exerciſe themſelves. 
This Table is alfo uſeful in every Part of Geogra- 
phy. The Author's Table, which was very erro- 
neous, is here omitted; and a new and exact one, 
agreeable to more late and eareful Obſervations, 
added in it's ſtead. 


5757 lo. 
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A TABLE of the Latitude and Longitude of the 

moſt remarkable Places in the World 5. 5 the lateſt 
and beſt Obſervations, the Longitude a accounted from 
he Meridian of London. W 


Note, All the Places that have S aninexed to ther 
Latitude, are in South Latitude, and all the rift 
are North from the Equinoftial, Alſo, all the 
Places whoſe Longitude are marked W, are in Wet 
Longitude from the Meridian of London, and all 
the reſt Eaſt. 


Names of Places. | Latitude | Longitude 


A D. M. |D. M. 
Bbeville, Pi- | 
cardy, France 50 9g N] 2 24 E 
Achin, Sumatra Eaſt | 


Indies — — 4 40 N] 93 15 E 
Adrianople, Turkey“ 
in Europe — 43 33 NI 27 24 E 


Agra, a Capital in the 
Mloogul's Empire — 29 o NI 79 24 E 
Aix, Provence France 43 4 NI 5 44 E 
Aix la Chapelle Ger- ( 
many — — 450 48 NT 7. oE 
Aleppo, Levant Afiaſz7 o NI 41 20 E 
Alexandria, Egypt] 
Africa — — — — 31 25 NI 30 50 E 
Alexandretta, or A 
_  Scanderoon — — 27 10 N 0 
Algiers, Barbary a” 1 
| —— em nn 3G 20 NI 2 10E 
"a | Amiens 
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Nane, of Places. 


Amfterdam, Holland 


Ancona, Italy — —| 

Antibe, Provence Fr. 4 
Antwerp, Brabant - 51 

Appenrade,  Sleſwie Er = 
— 15. 
Archangel, Ruſſia —|6 
Arica, Peru South 


Denmark 


Americ — 


Arles, Proyence ' Fr. 
Arras, Artois France 
Aſtracan, by the Caf-| 

pian Sea Muſcovy| 


Athens, Greece —— 


Avignon, Provencef 


France 


"I Suabia Ger- | 


B | 
14 Chaldea 


Baldivia, Chili South 


America — — — 


Barbadoes, Weſt- | 
Barcelona, Catalonia| 


| Latitude | Longitude 
D. M. D. M. 


Andi Picardy Fr. | 


Baden, Suabia| 


Germany — — | 
Bagdat Meſopotamia 


M 3 


"\ 
» 


— 
— 
—— Ind 
. — 
— _ 
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n 
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' 
Names 15 Places. Latitude Longitude 
1d D. M. D. M. 
Bar ac, Champagne 1] bn 2ooicf.; 
{France -|-/- 1 48 44 NI A E. 
Baſil, Switzerland — 47 34 NI 8 4 E 
Batavia, Java E, Ind.] 6 15 8 100 50 E 
Bayonne, Gaſcony Fr. 43 30 N| 1 10 W 
Belgrade, Servia - - 45 O N| 18 20 E 
Bengal, India [z NI 88 o E 
Bergamo, Italy — [45 43 N 9 45 E 
Bergen, Norway -[60 © NI 5 25 E 
Berlin, Upper Saxony +; 
| Germany! - - - - -|52/ 10 N 13 30 E 
Bilboa, Biſcay Spain 43 10 NT 3 0E 
Bologna, Italy - - [44 30 NI 11 40 E 
Bologne, Picardy Fr. 50 36 NI 1 50 E 
Boſton, New-Engl. - 42 10 N 67, © W 
Bonrdeaux,  Guienne| [17 nom 
_ France -|- - - -/- FE 55 NL © 45 E 
Brandenburg, Upper| be gw: 
Saxony Germany -| 52- 10 N 12 30 E 
Breſt, Bretagne Fr. 48 34 NU 4 28 W 
7 Bremen, Wh [Tens 
Wi} Germany SS. 53 o. NI 8 48 E 
1 Breſlaw; Bohemia 
— — . 5 N 16 35 E 
Briſtol, England - 51 33 NI 2 34 W 
Brill, Holland r FJ N-| 6 15 E 
Bruges, Flanders - - 51 15 N| 3 © E 
Brunſwie, Germany 5 55 N|-11 30 n 


Bruſſels, Flanders 50 48 N 4 5 E. 
Buck, lower — 4 ON 10, 53 E 


Cn + 47.37 9 * Gergraphy. 695 
pn ” Pl. 1 Latitude | Lon n 
YAdiz, Aal „ | 
| Spain - = 436 gl 40 W 
Cairo, Egypt Africa 30 10 NI 31 30 E 
Cagliari, Sardinia - 39 10 N| 9 26 E 
Calais, F rahce - - - - 50 57 NIL 1130 E 
Calmar, Sweden - 56 55 NI 17 20 E 
Calecute, Eaſt Indies 11 ON 74 50 E 
Cambodia, India = = 10 20 N[108 o E 
Cambray, France 50 10, NI 3 15 E 
Candia, in Candia III. 34 55 NI 24 50 E 
Canterbury, England 51 10 N I 6 E 
Candia, Ceylon Eaſt 1 
Indies = - -- 30 N 86 30 E 
Cape of Og PS 34 15 8 19 50 E 
Cape Verd - - - - - -|14 30 NI 16 26 W 
Cartagena, ain - - $137. ON 0:28 E 
Carthage, Africa - - = 855 O NI 11. o E 
Catanea, Sicily - -137 20 N| 15 15 E 
Ceuta, * 35 50 N| 5 27 W 
Ceylon, Eaſt AH 7 50 N| 83 20 E 
Chriſtianſtadt, Goth-] © | = 
land Sweden - - - -| 56 35 NU 14 36 E 
Cochin, Malabar Ind.] 10 O NI 75 18 E 
Cochin, China E. Ind.. 13 o NI E 
Cologne, Germany 50 40 N 7 10 E 
Compoſtella, Galilei _..c7 td aan 
Spain, - - === 42 45 N 5 W 
Con antinople * 41 40 N | E 
Copenhagen, Zeland . 
Denmark 155 40 N 


2 


— 


2 > 
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Ellingborg, Schonen 


Sweden — — — 


Elſineur, Zeland Den. * 


mark 


Embden, Weſtphalia a 


Germany 
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Names of Places. || Latitude | Longitude 
D. M. D. M. 

on Ireland — — 51 45 NI 8 OW 

Corinth, Morea Turky 38 0 NI 22 25E 

Cormandel, India — 8 6 N78 20 E 
Cracow, Poland 50 15 NI 20 50 
Cremona, Italy — — 45 10 N] 10 32 
Cuſco, Peru - — 112 25 8 73 49 
Cyprus 1187 Levant 35 ON 34:0 
d Antzic,. Poli 54 25 NI 19 30 
Dardanels, Tur. 40 O NI 28 o 
Delft, Holland — — 52 10 N 4 10 

Derbent, by the Caſ- ee x 
pian Sea 42 O NI 50 © 
Dieppe, France — — 49 56 N| o 57 
Dort, Holland — — 51 45 NI 4.30 
Doway, Flanders — 50 12 N 3 30 
Dreſden, Saxony — [51 6 NI 13 50 
Droutheim, Norway 63 O NI 10 15 
Dublin, Ireland 54 50 N 20 
Dunkirk, France —|51 7 NI 2 30 
Durazzo Albania Tur.l4o 40 N| 17 45 
Dubledorp, Weſtphal. Er 2 NI. 7:4 
E * ; ISI AY i, 
Dinburgh, Scotl.|;s 56 N| 3 © 
Ebbing Polandſ 54 20 N] 20 30 
> N 
N 


Names of Places, | 


Enchuyſen, Holland 
Epheſus, Natolia Aſia 
Erfort, Saxony Germ. 


Errara, Italy 
F Ferro, Canaries 
ez, . Barbary Africa 
Florence, Tuſcany. 
Fontarabia, Biſcay Sp. 
Frankford, on the O- 
der Germany — 
Frankfort, on the 
Mam Germany — 
Freiberg, Suahia Ger- 

man 
Furſtenburg, - - Suabia 
Germany 
'G 


— 


r : — ' — 


g \Allipolj, 'Roma-|_ mw 
40 55 N 


nia Turkey — 
Geneva, Savoy Italy 
Genoa, — 
Ghent, Flanders — 
Gibralter, Spain — 
Giron, Catalonia . Sp. 
Glaſgow, Scotland 
Gneſna, Poland — 
Gombroon, Perfian 


in 8 


451 


, 
Latitude 


ID. M. 


37 50 N 
50 40 N 


44 45 N 
28 5 N 
33. 15 N 
43 40 N 
43 0 N 


49 45 wi | 
1 4 - 
47 50 N 


| [4 1.1 | 
47 15 NI 9 15 E 


* 


46 15 N 
44 25 N 
5. N 
35 50 N 
41 45 N 
56 20 N 
52 25 N 
15 30 N 


 Gulph - — 


7 10 N 


Longitude 


TT 


” i 


by 
= 


2 JI 
a UW & 


D. M. 


4 30 E 
27 35 E 
11 30 E 


12 10 E 


18 10 W 
3 50 E 


11 35 E 
1 4% W 


52 28 N 
5 4 


14 35 E 
9 45 E 
8 10 E 


| 
0 
D 


S fad 
» Nv O 


Þ> w 1 Wwe o 
te ta S Ui S Kita te ee 


GW 2280 
O N ON win 


© 


| Gotten» 


] 
Latitude Longitude 
Fo D. M. D. M. 
Gottenburg, Sweden 57 30 N| 12 O E 
Granada, Granada Sp. | ih 20 12 E 
Grenoble, Dauphiné f 
France  - -[45 10 8 5 40 E 
Grodno, Lithuania 4 | * 
/Pohknd' | '-: gz 2 25 4 E 
Groeningen, Helland . W 4 
Conlon. America 14 © — 62 15 W 
Ague, Holland 52 10 N "1 OE 
Hamburg, Ger- R 
many s 5 vf 1 „ 
Hanover, Saxony 3 
German 5z 16 N 9 
Harlem, Holland 52 25 N 4 1 
Heidelburg,, A 
Rhine Germany 40 12 N| 8 45 
st Helens Iſland -|15 && S 7 o 
Helmſtadt, Saxony || . 3 
Germany FI 52 NI 12 10 E 
Hildeſheim, Weſt- . > 
phalia Germany 51 45 N 10 15 E 
Hoen, Zolern Suabia 5 
Germany - 48 40 N 9 1 
1 N —— NN 
ST Ago, Spas -[42 58 NI 9 52 W 
james- Town, ö 
Virginia Nor. Na | 
America — - 7 10 N 55 o W 
Jeruſalem, „„ CEHT 7 99797 
"Tn Fe jw V4 —32 44 N| 35 15 E 
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\Longiaide 
5 ngitud 


Names 7 Placis. 
lagalſtadt, 


Germany, 
Inſpruc, Auſtria Ger- 


Bavagia | 


Iſpahan, antient Par- 


thia Perſia —— — 
quien, A <3 


Af, Crim. Tar-“ 
tary 
Kaminiack, Podolia 
Poland 8 
Kargapol, Ruſſia — 
Kerhelin 3 inland 
Sweden 
EKiow, Ukrain Poland 
, Koningburg, Prufliaſ 
Poland —— 


Konizeek, | — 


| Germany — — — 
Laodecia, Natolia Aſia 
Leghorn, Italy 
Lemburg, Poland wk 
Leopoldſtat, Hungary 
7 Achaia Tur-]- 


— — _— —_ 


Lewarden, W. Frieſ]. 


lis 32 N. 


; 1 Poland 
Landau, Suabia| 


1 0 Holland — 


| 7 


47 40 N 
33 N. 


50 200 N. 


| ky 
49 20 N 
61 30 N 


e 


50 30 N 


54 55 N 
5 5 N 


52 55 N 


48 50 N 
29 30 E 
43 40 N | 


33 10 N 


49 50 N 


45 45 N 


38 30 N 
53 NI 


* I. 


k 


1 


—— 


52 15 N. 
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M. 


13 0 E 


| 14 45 E 


53 10 E 
E 


24 35 E 


4 15 E 


E 
32 45 E 


22 15 E 
18 yo" = 


"5 wy E 
8 10 E 
11 10 E 
25 uc E. 
18 40 , 


nine E : 
6 30 E 


4 30 E 


Leipſic 
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| | 
Names of Places. | Latitude | Longitude 
9 D. M. D. M. 
Leipſic, Germany 50 50 NI 12 50 E 
Liege, 2 9 FE 
vinces —'— — — 50 25 N 5.35 E 
merica — — — — 11 30 878 40 W 
Limburg, Spain —— 50 20 N 6 20 E 
Lintz, Auſtria Germ. 48 10 NI 14 30 E 
Liſle, Flanders — — 50 40 N| 2 50 E 
Liſbon, Portugal ——|38 45 NI 8 20 W 
| Livorn, Yee LAgbor n FS 
Lox DON Metropolis | | _ 
of England — —[51 32 NI oo oo 
Loretto, Tuſcany Italy 43 36 N 14 38 E 
Lubeck, Holſtein T. bac {tos 
"Denmark — — —|54 10 NI II 20 E 
Lublin, Poland — —|51 18 NI 25 O E 
Lucerne, Switzerland|46 42 N ; 25 E 
Lunden, Gottiland „ 
Sweden 55 30 NI 13:25 E 
| Luxemburg, Saxony | 
Germany — — — 53 10 NI 10 40 E 
Luxemburg, France 49 20 N 6 12 E 
* * Fr. 45 40 NI 4 40 E 
T Adagaſcar ——|19 298 43 55 E 
Madrid, NW, 4 
© Caſtle Spain — — [40 N 3 28 W 
Maeſtricht, Spa nin e ING 
Provinces — [50-34 NI 5 45 E 
Magdeburg, Saxon jz 
' Germany — — —|51-45 NI 12 30 E 
5 ; | Majorca, 


Names of Places. 


Majorca, in the Me- 
diterranean —— 
St Maloes, Bretagne 
Malaga, Granada Sp. 
Malta, near Sicily Me- 

diterranean — 
Malucca, in the Eaſt 

Indies — — — — 
Mantua, Italy — — 
Marpurg, Germany 
Marſeilles, Provence 

France — — — — 
Martinico Iſland, W. 
Mentz, Germany — 


Meſſina, Sicily — — 38 


Metz, Lorrain Germ. 
Mexico, N. America 
St Michael, ſee Ar- 
changel — — —— 
Milan, Italy — — — 
Minorca Iſland, Me- 
diterranean —— 
Mittau, Courland — 
Mocha, China — — 
Modena, Italy — — 
Montpelier, Langue- 
doc France 
Moſcow, Capital of 


Latin 
D. M. 


15 


39 N 


48 38 N 
30 oo N 
| 


35 50 N 


2 8N 
45 16 N 
50 30 N 

| 


43 15 N| 


14 44 N 
49 44 N 

10 N 
48 50 N 
Io 00 N 
| 


55 45 N 


39 10 N 
56 25 N 
22 * N 
44 30 N 


43 28 N 


Moſcovy — — — 


55 30 N 
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D. 


M. 
2 30 E 


2 20 W 
3 56 W 


14 oo E 


100 25 E. 
11 40 E 


8 50 E 
5 40 E 


60 55 W 
8 15 E 
15 40 E 
6 6 E 

104 O W 
24 O E 
4 9 E 
25 0 R. 

116 35 E 
11 45 E 
4 O E 


39 30 E 


Mouſol, 


Munchen, or Munic 


Names of Places. 
Mouſol, near old Ni- 


_neveh — —— — 
Munſter, Weſtphalia 


Bavaria Germany - 
Amur, Flanders 
Nancy, Lorain 
France — — — — 
Nantz, Bretagne F r. 
Nankin, China — — 
Naples Italy — — — 
Narva, Livonia — — 
Narbonne, Langue- 
doc France — — 
Naſlau, upper Rhine 
Germany — — — 
New Piedmont, Italy 
Niſmes, Languedoc 


France — — — — 


Norwich, England 52 45 N 
| 


Norkoping, Gothland| 
Sweden 

Notteburg, 
Sweden — 

Nuremburg, Franco- 


Ingria 
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Latitude 
D. M. 


34 32 N 
51 45 N 
47 45 N 
48 32 N 
47 12 N 
3 o 
41 45 N 
58 55 N 
42 50 N 


50 o N 
43 40 N 


43 30 N 


58 20 N 
60 ON 


nia Germany 


49 ON 


50 10 N 


Longitude 
D. M. 


9 0 E 
7 45 E 
it 335 R 
4 50 E 
6 40 E 
1 30 W 
118 30 E 


14 50 E 
30 30 E 


„„ 


1389 8 


O © 


© =) N 


8 


mm > WV © 


3 
2 


ee I nn Ol OO ene ae i OW Re ne ER ,, , . 


FFF -F, ‚ 


17 30 E 
32 10 E 


Re Ne. 
e e 


l 


11 15 E 


Oleron, 


Onſpack, or Anſpec 


by 
7 
XI 
72 
* 
+4 
> 
r 
5 
Sy 
py 
8 
73 
85 
75 
* 
7 
5 
3 
35% 
7 
. 
2 
4 
4 
9 
NA 
"S 
Is 
Fn 
. 
I Yr 
5 
» 8 > 
ot 
92 
1588 
1. 
SY 
2% 
3h: 
* 
8 
LEY 


EE SIG 6 EI Se 


; | Perpignan, Catalonia 


Pergamos, Natolia A- 


Irhiipopol, Romania 


Ormus, Perſia — — 
Oſnaburg, Weſtphalia| 

Germany 1 
Oudenard, Flanders N 
Oxford, England — 


Names of Places. 
— 5 


Leron, Gaſcony * 


France —— 


Franconia Germ. 
Orange, Provence 
Oran, Barbary 82 


* 

Adua, I taly — 
Paderborn Weſt- 
phalia Germany — 


Palermo, Sicily — — 


Pampelona, Spain — 


Panama, America — 


Paris, Fraue — oY 


Parma, Italy —— — 
Pekin, China — —| 


in — — — — 


nia — — — 


: Peter Waradin, Scla- 


Turkey — — — 


0 


— 2 ö 


| 
Latitude 


1 4k 


= 


"Oe 


„** 


k » £©Y 
* * 


1 
2 


Longitude 


D. 


. 


Go 
N 
8 


* 


© © 9 6 : $40. 00s 


& 


PI 
r _ 


— — —-— — —A—hnIæ — — _ 
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| | | 
Names of Places. | Latitude | Longitiide 
+ OO MC OE MB A 
Philadelphia, Natolia 9 
Pignerol, upper Dau- x By Ih Fa 
phine France — — 44 48 N 7 32 E 
Piombino, Tuſcany | | 
Italy — —|/42 54 N| 11 10 E 
Pifa, Tuſcany Italy [43 55 NI 11 12 E 
_ Placentia, Parma Italy 44 50 N 10 15 E 
Pleſkow, Ruffia —|58 10 N 33 55 E 
Poictiers, Orleanois 
France — — ——[46 30 N o 20 E 
Port, or Oporto Por- | 
_ tugal —— —— 40 52 N 7 50 W 
Port-Royal, Jamaica. 17 40 N| 55 55 W 
Prague, Bobemia — 50 ON 14 25 E 
Preſburg, . eee 48 22 NC 15 30 E 
Qu Canada 47 10 N | 70 15 W 
| Aguſa, Dalma- £4 f 
| tia Turky — 42 25 N 16 30 E 
Ratiſbon, Bavaria — 48 34 N| 12 10 E 
Regio, Calabria Italy 38 40 N| 16 10 E 
Rheims, Champagne 
France — — — — 49 20 NI 3 5; E 
Rhodes, Ifland Ar- if 4s 
chipelago —— —135 30 N 29 15 E 
Riga, Livonia — —|57 o N 24 48 E 
Roan, France — — 49 27 N|. © 57 E | 
Rochel, Orleanois Fr.|45 55 NI © 50 W 


8 Sardis, 
Scanderoon, ſee Ale- 


5 Slefwic, 
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Names, of Hane, | 


Ro N E, Italy — 
Roſes, Catslonia 8p. 
Roſtock; Germany— 
Rotterdam, Holland 
8 
Altſburg, 

_ Germany 
Salamanca, Leon 8 


nica Turkey 
Sallee, Africa — — 
Samarcand, Tartary - 
| Saragoſla, Arragon Sp. 
Natolia Afia 


xandretta. 
gcaff hauſen, Switzer- 
land Germany - 
Selines, ſee Athens. 
| Seville, . Andaluſia Sp. 
Liam, Eaft Indies — 
Denmark - 
] Smolenſko, Muſcov 
Smyrna, Natolia Afia 
Soiſſons, France - 
| Spires, upper Rhine 
= Germany — —— 
Stetin, Pomerania 


Bavaria 'M 
47 
p. A0 
Salonichi, or Theſſalo- 


Latitude 


42 
41 


54 
51 ge 


88 8 


Ga 
OO 


47 2 


37 
—[14 
55 


Y 154 


38 


149... 


49 
53 


| Stockholm, Sweden | 59 


$ Straſburg, Germany 
W Syracuſe, Sicily —— 
VOL. II. 


48 
— 35 
N 


W 
8 8 8 


2 1 18 E 
O O0 Ow | | 
22222 3 4 


282 
22 2 


ANN 
© O 


10 


r 
» 


49 0 © 
2 2 2 2 


N 
O 


Longitude 
D. M. 

13 7E 
3 30 E 
12 50 E 
4 12 E 


"RE 
"on 


2222 2 
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Names of Places. | Latitude | Longitude 
Angier, Barbary: = i 
Africa — 35 45'N| 6 o 
Tarragon, Catalonia e ed 
Spain t 20 
3 45 30 NI 18 40 
Tetuan, Africa — 35 30 NI 5 30 
Tolouſe, Languedoc e 
France = —[43 15 NI 1 45 
Thorn, Poland — — [53 O NI 19 32 
Thyatira, Natolia A- 1 
fla —— ——[38 28 NI 28 32 E 
Tyrol; Auſtria Germ.|46 15 N] 10 50 E 
Toledo, New-Caſtile 5 | 
Spain 39 30 NI 3 30 W 
Torneo, or Torno | | „. 
Lapland - 65 50 N 23 30 E 
Tours, Orleanois Fr. 47 10 NI o 56 E 
Toulon, Provence Fr. 43 O NI 6. 8 E 
Tournay, Flanders 50 35 N| 3 28 E 
Trent, Auſtria Germ. 45 50 N 11 36 E 
Treves, or Triers, e 
lower Rhine Germ. 49 30 NI. 6 42 E 
Tripoly, Barbary Afr. 33 5 NI 13 50 E 
Tubingen, Germany 48 34 N 9 20 E 
Tunis, Barbary Afr.] 35 30 NI 12 40 E 
Turin, gg: Italy 44 50 NI 7 42 E 
F 
VV Dau- | * 0 
hiné 3 o NI 4 55 E 
Valencia; Spain — — 39 15 N o lo E 


Vallado- 


tr K 


— o 


Widorg, Jutland Den- 1 


r 


Cn AP, 3 F. 77 Univerſal Geography, 
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Valladolid, Ola Ca- 


707 


ngitude 
D. M. D. M. 


ſtile Spain——=|41 26 N 3 50 W 


Vendoſme, Orleanois 


France — 4 45 NI 1 0E 
Venloe, Gelderland 51 to NI 6 8 E 
Vene 45 36 NI 12 50 E 


Verdun, Lorrain Ger- 


many — — — — 49 10 N 5 20 E 


Verona, Italy — — 45 25 N| 12 
Vienna, Auſtria Gar-| N 4 


Ulm, Suabia Germ. 47 55 N 10 


$ "2 - — „ , E 
4 a 2.4 - 


Waradin, e abs ay 
Peter Waradin Ss 


Wardhuys, Norway[71 8 N 29 
Waterford, Ireland [53 o N 
Weimer, Saxony Ger- 5 
. many — — — 50 42 NI 12 5 
Weſel, Weſtphalia : o 4350] 


7 
— 7 
75 


Arſaw, Poland] 52 10 NI 22 


Upfal, Sweden — —” 55 N 18 Jo E 
Urbino, Italy — — 43 44 N 13 15 
Utrecht, Holland — 52 O NI 5 


Germany — — — 57 32 N 5 6 30 E 


mark —— 6 25 N 


iborg, Finland Swe- | 


iſbuy, Gothland 
Sweden — —Uü4— 


0 
oO 
1 


den — — — —'60 50 N 30 0 E 


o NH 20 © E 
2 Witten- 
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| | 
Names of Places. | Latitude | Longitud 
. 2. . JD. M. 
Wittenburg, Saxony 07 .bilok 
Germany — — —[|51 28 NI 13 15 E 
Wolfembuttle, Brunſ- I. nd 
wic Germany — 15 50 NI 10 45 E 
Wormes, Germany 49 12 N| 8 28 E 
Wirtſburg, Franconia 175 
* 2 20 NI 10 10 E 
Ork, England 153 20 NI o 48 E 
Yvica, Mediter/ 
1 — 2138 NICI 10 E 
Ell, Lunenburg 
Germany — —5z 30 NI 10 26 E 
Zutphen, Gelderland I 
Holland —— 32 4 NM © 6 E 


THE great Uſe of the Table of Latitudes, we 
have ſufficiently explained in the preceding Propo- 
ſition ; and alſo the famous Uſe of the Longitude 
of Places in the end of Prop. iii. of this Chapter, 
For Example, having the Hour when an Eclipſe i 
to be in one Place, or when the Sun enters Aria, 
or when the Sun and Moon are in Conjunction, or 
the Hour of the Appulſe of the Moon to a fixed 
Star; to find the Hour when the ſame will happen 
in another Place, whoſe Longitude is marked in 
the Tables. This is done by turning the Difference 
of Longitude into Hours, and adding it to the othe 
Place, if leſs, but ſubſtracting if more; which vil 
give the Hour when the Phænomenon happens in 

the other Place. . 


* 
— 


BUT 
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BUT the principal Uſe of this Table will ap- 

r in the following Chapter. 

AN D ſeeing the Uſe of the Declination and 
right Aſcenſion of the fixed Stars is very 
in Geography and Navigation; we here add a 
Table of them; for the year 1710. *Tis known 
in Aftronomy, that there is a Change in theſe, by 
reaſon of the Motion of the fixed Stars on the Axis 
of the Ecliptic. Tis proper to have a Table of a 
great many Stars; for the ſame Stars are not al- 
ways above the Horizon at Night. We add them 
here, chiefly for the Practice of young Students, 
that they may work the Problems. This belongs 
to Aſtronomy, but is alſo of great Uſe in Geo- 
graphy and other Sciences. 

BY Aſtronomy we find the Declination and 
right Aſcenſion for each Year, The Tables fol - 
ow. Ro 


N3 4 TABLE 
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| Sis 
” AT Table 5 The F 7 2 er 
an. | Fer. March ſ Ap une 

= * — Right [O Right |»). Web f EA 
S Alcenſio: ior Aſcenſion Aſcenſior Aſcenſior]. [Iſcenſiny 
H AU Ma. AMA AA 
119 302 43123. 2901 185 
| 2.19 4021 47123 33001 fi 
319 4% 1 | 5123) 5 

4,19 4921 5523 4001 
$9 5321 592344270. 
619 57]2 03/23 4701 
7 o1i22 0723 5101 

20 Q£5122 1123 540L 
20 ogj22 1523 58jo1 

10/20 14]22 1800 02/01 
1120 1X2 2200 obor 
12120 24922 2600 09102 
13% 2722 3000 13.02 
14/20 31]22 3400 1602 
1320 35/22 3700 20,02 
1620 3922 41,00 24/02 
17½0 43122 4500 2702 
1820 47022 4900 31102 
19/20 510/22 53000 34402 
20/20 455122 5600 38002 3304 31 
2120 5923 ooo 4202 | 
2221 0423 0400 45002 
23/27 08/23 0% 00 4902 
2421 1223 1100 53002 
2521 1623 100 6602 52 
26021 2023 1861 00002 
2721 24123 2201 0403 
28/21 28023 26001 %% 03 
29h 1 32 I 1103 
3021 36 1 15103 
31/21 39 . 


C5 $a buy — DO: Tr — 


A Table of the Sun's Right Aſcenſion. | 


| ay | Angujt September Novem, Decem. 
| N 7) Right O Right E Rigi D Right Right 2 Right 
< Aſcenſion Aſcenfinr|Aſcentior! Afcenfion Aſcenfior|Aleenſion 
Hi. MJ. Md MA. MRA. Md, M. 
O9 26011 20/113 0915 08017 16 
3011 2413 13/15 1217 21 
3411 27113 16015 26117 26 
8811 31113 2015 20017 3 
4111 3413 2315 24117 35 
Fo [37113 2715 28017 39 
11 4213 3156 32117 43 
11 4513 3515 37/7 47 
EI 49.13" IDE HP" 5 
1 5013 4215 46117 57 
11 56013 | 4615 50018 o1 


8 12 32114 25116 33118 4c 
08 12 10 29016 37118 50 
08 12 3904 3316 4118 55 

2 ko 5610 52112 434 37/16 45 | 
08 
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A Table ſhewing the Right Aſcenſion, De. 
clination, and * of the Principal 
Fixed Stars. | 


n 


E. * - 58 * * *% ry — * wy 


Names of the Stars. 
wo 


o 


JO! Shar —— 
Girdle of Andromeda — — 
Brigbt Star of Aries — 
| Meduſa's Head 
Right fide of Perſeus - — 
. or BulPs Eye — 
Capella, or the Goat 
Bright Foot of Orion 
Middle Star in Orion's Belt - 
Orion's Right Shoulder — — 
Auriga's Right Shoulder 
Bright Foot of Gemini 
Syrius, or the Great png _ 
Caſtor, or Northermoſt Twin 
Procyon, or the Little Dog. 
Pollux, or Southermoſt Twi! 
Hydra's Heart 
Lyon's Heart, or Regulus — 
7 be Lower of the Pointers — 
The Upper of the Pointers — 
Lyons Tail ———- — 
Upper of two laſt in the Square, 

f the Great Bear 
Laſt but two in the Great 


Bear Tail —— 2 — 
lebe Site — — 


9＋— F 24 „„ — 


momma | 


—_——_— 


— = o „ 8 © 0 0D 


to 


Is 


* 
— 
— 
——U— — 
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I OCT oh 
Right 


Z - Decli- 
loo |[Aſcenſ. | nation, 
H. 


— 


"aft but one in ihe Crea 

Bear's Tai! 
Laſt in the Great Bear's Tai 
Ardturus 
South Ballance =» — — — 
Foremoſt Guard 
Brighteſt of the Crown — — 
Brighteſt of the Serpent*s Neck 
Antares, the Scorpion*s Hear! 
Head of Hercules —— —— 
Ophincus, or Serpent*'s Head 
Lyra, or the | 
Swan's Bill —— 
Vulture, or Eagles Heart — 


— — — 


— — 


Swan's Tail —— — — 


Mouth of Pegaſus — ——| 


Fomelbattt —  — — — — 


Marchab, or Pegaſus Wing -| 
Scheat, or Pegaſus Leg 


Cepbus's Knee — — — — 
Andromeda's Head — — — 


13 
13 
14 
14 
14 


17 
200 
118 


t 

3 19 
2 19 
2 20 
321 
1122 


2 
2122 
3123 
2123 
2 


End of Pegaſus Wing — — 


23 


18 
16 


2 
2 
1 
2 
2 
2 15 ; 
2 
I 
3 
3 


22 4 


The Explanation and Uſe of the Tables of the Sun's 


Right Aſcenſion, and of the Right Aſcenſion and 
Declination of the fixed Stars, 


% 


FOR the Table of the Sun's Right Aſcenſion, 


ſcek the Month at the Top, and the Day in the 
left Hand Column, and'in the common Angle, is 
Example, on the 17th 
of July, the Sun's Right Aſcenſion is 8 Hours 


the Sun's Right Aſcenſion. 


- 


28 Minutes, 


2 


IN 


rr . Do 
* * 
. — . ALT 
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IN the Table of fixed Stars, the firſt Column 
is the names of the Stars; the ſecond, the Mag. 
nitude; the third, the Right Aſcenſion in Hours 
and Minutes; and the fourth, the Declination in 
Degrees and Minutes. Example, the Virgin's Spike 
is of the firſt Magnitude, Right Aſcenſion 13 


Hours 11 Minutes, Declination 9 Degees 44 
Minutes South, &c. 


J. To find the time of a | Star's coming upon the 
Meridian. 


SUBSTRACT the Right Aſcenſion of the 
Sun, from the Right Aſcenſion of the Star, (ad- 
ding 24 Hours to the Right Aſcenſion of the Star, 
if Subſtraction cannot otherwiſe be made) the re- 
mainder is the time of the Star's coming to the Me- 
ridian. 

EXAMPLE. I deſire to know what time the 
Great Dog comes to the * December the 


25th. 
H. M. 
Right 485 of the Great Dog — 6 33 
Right Aſcenſion of the Sun — —— 19 4 
Remainder (24 Hours being added f 
to the Right Aſcenſion of te 1 29 
Great Dog.) —— — — 


THE Great Dog ſouths 29 Minutes paſt 11 at 
Night. 


II. By the Altitude of a Star, when upon the Me- 
ridian, to find the Latitude of the Place. 
Note, In Norih Latitude, thoſe Stars whoſe North 
Declination exceed the Com plement of I, 

may be obſerved under the Pole. 


K. HIS may be reduced to four Rules. 
i, WHEN 


CAP. 31. of Univerſal Geography. 715 
1. WHEN the Star is between the Horizon 
and the Equinoctial, ſubſtract the Declination from 
the Complement of Altitude (commonly called the 
Zenith Diſtance) the Remainder is the Latitude of 
the Pace .... 25 
Suppoſe the Complem. of Altitude be 70 30 
The Declination South "—_— 
The Latitude is 30 30 


2. WHEN the Sun or Star is between the E- 
quinoctial and the Zenith, add the Complement-of 
Altitude to the Declination, the Sum is the Lati- 
tude of the Place. Example. Se 


Let the Complement of Altitude be 35 oo 
The Declination North — 10 oo 


The Latitude is 


7 


3. WHEN the Sun or Star is between the 
Zenith and the elevated Pole, ſubſtract the Zenith 
Diſtance, or Complement of Altitude from the 
Declination, the © Remainder is the Latitude, 
Example, - e 

D. M. 


If the Declination be — — — 20 oo 
The Complement of Altitude — — 10 45 


The Latitude of the Place is —— q 35 


4. WHEN the Sun or Star is between the 
elevated Pole and the Horizon, or, which is the 
ſame, when the Sun or Star can be ſeen under the 
Pole. Add the Altitude of the Sun or Star to the 
Complement of it's Declination, the Sum is the 
Latityde of the Place, Example, | 


Sun's 
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D. M. 
Sun's Altinide ions the-Horizon — 5 Oo 
Declination 22 o0/!! it's Complem. 68 oo 


The Sum is the Latitude 73 oo 
Note, The Complement of Altitude, which is the Ze. 


nith Diſtance, is what remains, when the Altitude 
of the Sun or Star is taken from go Degrees. 


Example. 


D. M. 
From = — 90 oo 
Subſtract the Altitude, ſuppoſe — 46 10 


Remains the Zenith Diſtance —— 43 50 


CHAP, 


CHAP, 32. of Univerſal Geography. 717 


CHAP. XXXIL 


Of the nga Situati on of Places, and of the 
making of Globes and Mops. 


Wc ROPOSITION 1 


Having a given Place on the Earth, to find bow 
another Place bears from i. 


AT is, to find the Prine.; it is in, or * 

Angle of Poſition made by the Meridian, 
and an Arch from the one Place to the other: 
For Example; ſuppoſe we are at Amſterdam and 
deſire to know how Rome, n. Stockholm, 
&c. lie from it. 


. The firf Method. 


WHERE you can ſee one Place from nat, 
tis eaſily done, by a Semicircle placed horizontally; 
and directing the Index on it to the Place; then ob- 
ſerve what Angle that Line makes with the Meri- 
dian Line, firſt found; which may be turned to 
Points, allowing eleven Degrees and a Quarter 
for a Point; and ſo every Place may be obſerved 
round you. We may next go to another Place, 
and from that obſerve, how all the Places in view 
bear from us; which will determine each he i in 
a M. by the cutting of two . a 


5 


Tbe 
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8 The ſecond ate e 
2 1 you have the Places Pe on the Globe, | 
bring the given Place to the Meridian, and ele. 
vate the Pole for it's Latitude; and fixing the Qua- 
drant of Altitude in the Zeuith, bring it to the 
ſeveral Places ſucceſſively. The Quadrant will ſhow 
on the Horizon, the Angle of Poſition. and the 
Point wanted : thus we may tell how Rome, or Con- 
ſtantinople, lies from Amſterdam : which that we may 
conceive on the Earth, we muſt know which way 
the North lies; and ſo how the other Points lie. 


The third Method. © 


ON right lined Maps: if the ropoſed, Pl Places 
be found in them, their Situation towards one e aho- 
ther may be ſcen by the Eye, a right Line being 
conceived to go thro* the Place, North and South; 
and another croſſing it at the Place at right Angles, 
thows the Eaſt and Weſt: from which the inter- 
mediate Points may be conceived. Or by ſweep. 
ing an Arch, or Quadrant, with the Center at one 
Place, youll have their Bearings more exactly. 
But this holds only in particular Maps; for in ge- 
neral and curve-lined Maps, the ints are not 
found ro exact as one would deſire. F 


© 511 


" The fourth Method. 17 8 


H AV I N G the Laritude and Longirade of two 
Plank, their Bearing from the one is accurately 
found by ſpherical Trigonometry, either the com- 
mon way, or by Logarithms, or by an univerſal 
Planiſphere; or even by the Globe: for in a given 
Triangle you have the Complement of the Latitude 
of both Places, and che Difference of their Longi- 
2 2 tude; 


tude; and the Angle wanted is that adjacent to 
either of the given Sides ; > which will ſhow how one 
Place bears from the other. But this will be made 
plainer by a Maſter and a Figure, -and herein ap- 
pears the uſe of the Table of Latitudes and Longi- 


tudes. 


* * 9 
"I We 1 89 - # * K — * i -# 
143 X33? 115 . - AE TOA F # } '$ +4 
G $ 8 5 ? : 4 
; 4 1 : « 7 % " - TY 1 
* 44271 11 145 42223 g 4 3 N 1 : f 14 11 #7 
2 ? 
y . * 
1 129 1 4 1 


Hav ING 1 Latitude and Diſtance 3 two 
Places, to find their Situation, with reſpect to one 
another; "This may be done by ſpherical Tri- 
angles; but there is 1 weck, 'oN "WEUINg - more on 


this Head. 3 FL 2 15 | | 
| 1 1 * 14 2 1 : 14: C441 7 3 t 15 
| PA ; * 171 232 4 
PROPOSITION 1. 4 


112 


Hovig Rien ess“ Eariby" to the Globe; to 
find al * er that lie- in r 1 Point fron 
2 


. 


Fok Rample : to find the Places that ti 
North-Eaſt from HAmſterdam. < 

"ELEVATE the Globe for the Place, 1 
the Place to the Meridian, there apply and fix the 
one End of the Quadrant, turn poder about to the 
North-Eaſt Point on the Horizon; 3 and you have 
under the Margin of the Quadramt, the Half of 
the Places that Iie North- Eaſt; and the other FLaYf 
under the Horizon. 
DRAW thro! the given Place a great Circle, 
that ſhall make the Angle of Poſition with the Me- 
ridian; and the Half of that Circle will go over 
dee Figces. e MO * 


FT * , 7 * . 0 - * 0 
» ith a C % 


— : 2 . D 3 
P RO- 
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| PROPOSITION, III. 


To ro fd all the ige from 8 a given Place les 
in a given Point, 


FOR Example ; ; to know all the Places 2 


which Amſterdam lies North-Weſt : or to make it 


more pleaſant; having a Place, as Amſterdam, to 
find all the Places from which if I travel to Amſter. 
dam, I ſhall; {till go North-Weſt. The former 


Problem might be drawn on a Plane, for the Places 


wos ht are all in the Periphery of a Circle, which 

may be exhibited on a Plane, and are always 
in one Plane; but the preſent is a ſolid Problem, 
or rather regards the Surface of a ſolid 3 for the 
Places lie not in a Circle, except when the Point is 
North or South; but in a certain curve Line, which 
is to be drawn not on a Plane, but on a curve Super- 


 ficiesz and is a curve Line of a particular Kind, ter. 


minated on both Sides. And to conceive it, or find 
the Places in it on the Globe, bring the given Place 
to the Meridian; and if the Point given be eaſtward, 
the Places ſought are weſtward. ; but contrariwiſe, if 
the Point be weſtward, and the given Place be nor- 
therly, the Places lie ſoutherly z but contrariwiſe, 
if — and the given Point be due Eaſt or 
Weſt on t ie Equinodtial, the Places fought will 
lie in a curve Line, beginning at the given Place 
and ending, in the Pole next to it, and ſituated 


on the Eaſt Side of the Meridian, if the given Point 


be the Weſt; but on the Weſt Side i it be Eaſt. 


Thus let the Places ſought be thoſe from which An- 
ſterdam lies due Weſt; becauſe the vertical Circle of 


all Places, or the Point due Eaſt and Weſt from 


them, falls on a Point in the Equator, at the Ho- 


rizon ninety Degrees from the Meridian of every 


Place z and the Places ſought muſt be on the Sic 
ide 


Side of the Meridian; ſo that their prime Vertical 
running to the Weſt; may cut a Quadrant of the 
Equator between the Weſt and South: now let 
great Circles be conceived. to paſs thro! Amſterdam 
from each Point of that Quadrant, and Meridians 
drawn-from theſe Points as Poles : the Points in 
which each great Circle cuts it's Meridian, are the 
Places ſought, which conſtitute a curve Line run- 
ning into, and terminating in, the Pole; where there 
appears to be a Difference between that Line and the 
Rhumb- Line of a Ship's Courſe (of which we ſhall 
treat in a particular Chapter); for the later is not 
in Voyages due Eaſt and Weſt: but all kinds of 
the former are ſuch as to be contained between the 


not exceed ninety Degrees, and end in the Pole. 
| BUT when any Point is given between the Car- 
dinals; for Example, let the Places be required from 
which Amſterdam lies South-Weſt, or in a Point 
forty five Degrees from the Meridian of each Place 
towards the Weſt, remote from the South. Firſt, 
| conceive another Meridian on the Eaſt Side of the 
Meridian of Amſterdam, (for *tis plain the Places 
ſought muſt. be ſituated” there) which makes an 
Angle of forty five Degrees, with that of Amſter- 
dam; this will be the Bounds of the Places ſought : 
| nor can any. Place be found in any Meridian beyond 
it, which will anſwer the Demand. Then imagine a 
great Circle drawn from Amſterdam, that ſhall be 
perpendicular to that Meridian; and becauſe the 
Point given inclines from the Weſt to the South, 
the Planes ſought muſt be ſituated in the ſpace of 
the Triangle, whoſe Sides are 1. the Perpendicu- 
lar now drawn. 2. A Part of that Meridian in- 
tercepted between the great Circle and the next 
Pole; and 3. Part of the Meridian of Amſterdam, 


1 


betwirt Amſterdam and the neareſt Pole. 
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Quadrants of two Meridians, whoſe Diſtance does 
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from Amſterdam, and that there is wanted 'the Point 
that Amſterdam lies in from Hamburgh :?cisigeneral 


and herein is the Error of all Sea- Charts, and right: 


— Er I WEI 


„T 
= Pd. PPS 
wy _—_ 2 
2 — — 


matical Style thus, for under 
T 
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T HE curve Line is ſituated in that Space, and 
the Points of it anſwer the Demand; and iti goes 
from Amſterdam all the way to the Pole in a curve 
Path : for to draw it there muſt be ſeveral- Meri. 
dians drawn in that Space; and ſuch a Point be 
taken in each, from which a great Circle being 
drawn to Amſterdam; makes an Angle of forty | 
five Degrees: and thus the ſeveral gr pra of th 
Curve to be deſcribed, are found.” 0 

WE have ſaid more of this curve Bite, " our 
Book of curved Lines. But we would not omit i 
here, becauſe this was a proper Place to ma. 
it as belonging to ne rh | rs 


PROPOSITION. Iv. 


Having the Latitude. of one Plate, and the Diſtant 
rom another, and the Point in which the ſecond 
lies from the firſt ; to find the eau . otber lie 
in from the Jecond _. 


1. 


THIS will by better gridenſtects iy an clock: 
Suppoſe the Point given, in which Hamburgb lie 


ly thought that it is the contrary Point, but falſely; 


lined Maps, The true Solution is by ſpherical Tri- 
EN. or by the ente or the Planiſ * 


Fit 75 391 | 


PR ROPOSTTION. v. 
7 make a  Ferretrial Globe, 


THIS wehie common confuſed Phraſe for the 
Problem: but it ought to be tech in a Maths 
ane diſtincth 

Haig 
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Cn AH 42. if Univerſal Geography, y 3 
Havins any Point on the Surface of any Globe, 
. r is ſuppaſed: 10 repreſent a Place on the 
Earth (or baving a Semicircle thereon), io find ſes 
veral Points on the Globe, and Lines which are ſts 
tuated to the given Point, and among themſelves as the 
Places are Lines on the Superfices of the: Earth, which 
they repreſents are ſituated. (0 
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'TIS an excellent, eaſy, and accurate: Method, 
by which, having the Latitude and Longitude 
of Places on the Superficies of the Globe; the Points 
and Places ſought, repreſenting the Parts of the 
Earth's Surface, are marked down. And tho“ Ar- 
tificers do not uſe this Method when they make the 
terreſtrial | Globes that are ſold in great Number 
(becauſe it may be done another way, the larger Sale 
of them anfwers the Expence, - tho? indeed it is not 
the more eaſy and leſs expenſive way for making 
one Globe, yet moſt ready and leſs expenſive for 
making a great many, of which we fhall ſpeak in 
the third Place); yet the Foundation of that Con- 


i : ſtructſon depends on this Deſcription conceived on 
che Globe : and ſo in like manner when large Globes 


of Braſs are to be made, and the Places of the Earth 
to be marked on them, ſach as Princes uſe to have; 
who are Lovers of Mathematics. And thus lately 
the Dutch Baſt. India Company ordered to be made, 
by the Direction of Blave, a Globe of Braſs, whoſe 
Diameter was five Foot; and on it was to be en- 
graved, and illuminated the chief Places of the 


EFarth, which was ſent as a Prefent to the King of 
F ſome Ifland there, from the ſaid Company; the 
= King having” deſired the Duich Conſul, that he 
= would take care to have ſuch a Globe made in Hol- 
land, promifing a large Reward for it. So like wiſe 


at this preſent Time the famous Frederic Duke of 


of all kinds of Learning, eſpecially Mathematics 


the fixed Stars on the . concave Surface within, 


Inſtrument added to it: ſo that the Spectator 


Globe for giving the Rivers a and the Bounds 


| ſure, let there be drawn a great Circle for the 
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Holſace, who is not only a Favourer and Promoter 


and Phyſics, but alſo a great Improver thereof: 
and *tis for his Honour that I here mention that he 
ordered a Globe to be made of ſo large a Cavity, 
that one might commodiouſly fit in it, and ſee all 


marked with a Gold Colour, and the Sun in the 
Ecliptic, moving by a Skrew ; which in the mean 
time revolved in twenty four Hours, by a ſmall 


within had ſuch a View of the Celeſtial Bodies, as 

we have by Night in the Heavens: and the outward 
Surface (to come to our purpoſe) had the Places 
of the Earth on it; ſo that it was both a Celeſtial 
and Terreſtrial Globe, When we ſay that the Places 
are to be marked on ſo large a Globe of Braſs, Arti- 
ficers cannot uſe their way by the Application of pa. 
per Maps: nor were it proper to do ſo in making 
ſuch fine Globes; for the Places muſt be cut out 
and illuminated, and the Circles and Rivers mark- 
ed as they are on the Earth; and that by the Table 
of Latitude and Longitude ;z uling alſo a common 
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of the Sea and Land. 
T HR O' a given 7 or one taken at ples 


Meridian of the Place; then take therein an Arc 
from that Point equal to the Latitude of the Place re 
preſented by that Point, and mark the Limit: 
then from the ſame Point on the other Side, in the 
ſame Circle, take an Arc equal to the Complement 
of the Latitude, or Diſtance of the Place from the 
Pole; and the Extremity of this Arc will be the 
North or South Pole, and the other will be in 
the Parallel of the Place from which on the 
Meridian ſet the Latitude, which will give thc 
ee Then Ws on * Meridian the the other 


2 P ole, 
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Pole, and let there be an iron Rod run thro' the 
two Poles; and on the ends of it let there be a 
Circle of Braſs hung, divided accurately into three 
hundred and ſixty Degrees. or four Quadrants, 
each Quadrant beginning the firſt Degree at the 
uator, which muſt be alſo divided into three 
hundred and ſixty Degrees; and the great Circle 
drawn on the Globe, may repreſent the firſt Meri- 
dian : or if you take another, let the Longitude 
of the place, firſt ſet down, be ſet on the Equa- 
tor; and at the end of the Arc draw another Circle 
for the firſt Meridian, to the Weſt of the former, 
counting the Pole furtheſt from you the North; 
and you will have the Eaſt part of the Globe on the 
right Hand, and the Wet on the left; and mark 
the Degrees on the Equator, ten, twenty, thirty 
to the right Hand, and ſo round; then taking the 
Longitude of a Place from the Table, bring the 
Degree, and Minute if poſſible, under the braſs 
Meridian, and count the Latitude of the Place 
North or South; and where it ends mark the Point 
on the Globe under it for that Place, and ſo for 
all other Places 
= YET this way is not to be wholly followed in 
Practice; for to make a Globe true, there ſhould 
firſt an Axis be run through, the ends of which 
muſt be the two Poles, and the firſt Meridian 
be firſt drawn. Tho? 'tis ſeldom that large Globes 
are made thus from Tables; but in the common 
way by Paper Maps, or by taking the Latitudes 
and Longitudes from leſſer Globes, as Blave did 
in the great one ſent to the Eaſt-Indies. 


» l The ſecond Method. 
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THIS Method is to be uſed chiefly when a 
few Places only are to be marked on the Globe, 
rather than for making a Globe entirely: but it 
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makes uſe of the Diſtances of Places. Let there 
be an Arc of a great Circle, drawn thro' a Point 
given; and on it take an Arc from the given 
Point equal to the Diſtance; the end of that Arc 
will be the other Place: and to mark a third Place, 
take with the Compaſſes the two Diſtances of that 
third Place from the other two, and having, from 
the two Places as Centers, deſcribed two Arches 
cutting one another, the Point of Interſection will 
be the third. rid | | 

BUT this Method is not proper for the mak- 
ing of the whole Globe, but only when we would 


mark a few Places on a Globe, which had been 
omitted; which is eaſily done by the two Diſtances, 


without the Trouble of calculating their Lati. 
tudes and Longitudes, So that the Problem is this, 
Having the Diſtance of a Place from two other Place. 
that are found on the Globe, to mark that Place on 
r | : 


The third Method, commonly uſed by Artificers 


THIS third Method of making all the Globes 
we ſee (excepting the great ones above ſpoken of) 
both Celeſtial and Terreſtrial, is indeed not very 
ealy or quick, if there were only one or a few 
Globes to be made by it; but is very ready for 
making ſuch a great Number of them as is fold, 
and 1s thus: Let the Superficies of the Globe and, 
Earth be conceived as divided into twelve Parts or 
more, if the Globes be large, by Meridians draw! 
from Pole to Pole; then let there be drawn one 
of theſe Parts on a Plane, terminated with two 
Meridians, which will make on the Globe two Sc: 
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in the form of a Latitude; the middle one will be a 
Portion of the Equator, and the Meridians are to 
terminate in the Poles: and taking one for the firſt 
Meridian, mark the Degrees of Longitude on the 
Equator; thirty on the firſt Part, and from that 
to ſixty on the other Part, and ſo on; thus you 
may find the Longitude of any Place, and it's La- 
titude, meeting in a Meridian and Parallel, cutting 
one another. And the ſame way the ſeveral Parts 
of a River or Bay may be marked; and let the 
fame be carved out in Braſs or Wood, and by a 
. Rolling-Preſs ſome thouſands of them may be 
imprinted on Sheets of Paper; and the Parts cut 
out and applied to the Globe; ſo as the Meri- 
dian of the one may join that of the other, to make 
one Meridian on the Globe: and the Meridian need 
not reach ſo far as the Pole, but only to the polar 
Circle; and the Parts about the Poles may be co- 
vered with Papers made on purpoſe for them; for 
it will be eaſier to apply them that way, eſpeci- 
ally if they are large Globes. Thus are all the 
Places on the Earth exhibited on the Globe; and 
the braſs Meridian, with the Horizon, Stan- 
2 Horary-Circle, and Index, are made for the 
THERE are two Things in this Deſcription 
that require a more full Explanation; the reſt I 
think being eaſy. 1. How theſe twelve or twenty 
four Parts are deſcribed on a Plane. And, 2. how 
plain Papers. can be applied to the curve Superfi- 
cies of a Globe. The firſt is done eaſy enough. 
Thus, for Example, Let the twelfth Part be to be 
made for the Globe from the Pole to the Equator z 
find the Periphery of a great Circle for the given 
Diameter of the Globe by Arcbimades 8, or any 
other, Proportion. The Diameter being two Foot, 
the Length of twe Foot marked onthe'Paper, and 
nnr and each Inch. inta 
28 | ; I 4 | ten” 
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ten Parts, there will be two hundred Diviſions; then 
As 7 is to 22, So is 200 to 6287 or'6 == i Feet for 
the whole Periphery. And the fourth Part of it will 
be 1577 7 hundred Parts. or 12; Feet, and the 
twelfth Part 52 &, or half a Foot and 5+ and & of 

555 Then drawa Line on Paper 52 & hundred 
Partwlong taken from your divided Scale, in the 
middle of it, cut it with a Perpendicular 137 
hundred Parts long, which will be a Quadrant, and 
the end of it is the Pole; and divide it into Degrees 
(the Length of one Degree will be had if 628 # be 
divided by 360) then on the Pole, as a Center, de- 
{cribe Arches thro? each Degree, which will be Pa- 
rallels; and with the Compaſſes take off on both 
Sides of the Meridians, 24 of the Periphery (which 
will be known by the Proportion of the Parallel 
to the Equator, as in Chap. iv. at the end) and thro 
each end draw Lines; and: the incloſed Part cut 
off and applied to the Globe will cover 4 of the 
Hemiſphere, The Application will be eaſy; if 
the Part be the r> Part of the Earth's Superficics, 
for the Difference between a ſtrait, and curve Line 
in ſo ſmall a Part, will not be ſenſible; and the 
Paper, being moiſtened, will ſtretch a little: and 
the Places are marked an the Paper belore they 
are applied. ö | 


PROPOSITION VI, 


To o make Geographical Maps, 


THE Problem: is to be propoſed thus, in a 
Mathematical Style, Having the Situation of Plan- 
infinitely entended, 10 repreſent thereom the Places of 
the Earth, according to the Law of ere nowerad "Or 
ye more generally Thus: 

HAVING a Point given on a Plane which 1e- 
greſents ſome Place of the Earth; 40 * on -_ = 
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plane, ot ber Points and Lines which may repreſent as 
commodiouſly and naturally the Places and Lines of the 
Eatth, or their Situation to the given Place, and among 
themſelves. Thus I think the Senſe of the Problem 
may be better expreſſed. 8518861 
BECAUSE few Students of Geography un- 
derſtand the Laws of Perſpective, and can have 
no clear and diſtin&t Knowledge of the Conſtru- 
ction of Geographical Maps, nor judge of their 
goodneſs and badneſs, except they know the Ele- 
ments of Perſpective, according to which they are 
made; therefore a few things are to be here ex- 
plained in that Art of Perſpective. (7.48, Bae - 
THE Deſign of this Art, as every one knows, 
is to repreſent viſible Objects on a Plane, whoſe 
Situation is known, i. e. that the parts of the Pi- 
cture may be ſo placed as to appear to our Eye 
the ſame way as the parts of the Object would 
appear, if in the ſame place. And the Method 
uſed for it is this: | | 7 
WHEN they would repreſent a Point, Su- 
perficies, or Body, on a Plane, (whether they ſee 
it, or only conceive it) they firſt ſuppoſe it to 
be ſeen from ſome Point. Secondly, they conceive 
a Plane interpaſed between the Object and the 
Eye, in ſome certain Situation, thro* which, as a 
tranſparent Medium, the Objects are ſeen, Then, 


| thirdly, they ſuppoſe Lines or Rays from every 


point of the Object coming to the Eye thro? that 


| tranſparent Plane ; the ſeveral Points of that Plane 


thro which the Rays come, being joined together 
with Lines, will repreſent the Appearance of the 
Object to the Eye in that place; which yet (as any 
one may eaſily conceive) is not true in all Points 
according to the Laws of Optics. But becauſe a 
better Method is not yet found, we muſt be ſa- 
tisfied with this: for Example, Let the Superficies 
of the Earth, and all the Points or Circles there- 
* 8 On, 
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on, be to be repreſented; we firſt conceive the 
Eye ſituated in ſome Point without the Earth; 
and a Plane that is tranſparent interpoſed between 
the Eye and the Earth in any Situation: tho? it ig 
better to ſuppoſe it perpendicular to the Line, 
from the Earth's Center to the Eye, that the Fi. 
gure may appear the more regular. Then we are 
to conceive | Lines drawn thro? that Plane, from 
every Point or the Earth, or of the Circles on it, 
as the Equator, Tropics, and from all the Cities, 
Rivers, Sc. where theſe Lines go thro? the Plane 
you have the ſeveral Points repreſenting them. 
AND becauſe the Earth is round, it's Super- 
ficies cannot be all repreſented on one Plane; for 
two Places of the Earth would thus make two 
Points on the Plane, which would be confuſed ; 
therefore the one half is to be repreſented in one 
Plane, and the other in another. And thus the 
Eye may be ſuppoſed to be within the Earth, as 
when we would repreſent one e the 
Eye may be ſuppoſed in the other, and the Plane 
between the Eye and the Hemiſphere to be re- 
preſented; and ſo it is if only one Place, as Eu- 
rope, or Africa, were to be repreſented, when the 
Eye may be ſuppoſed in the Earth's Center. 
FROM this we think the Reader may under- 
ſtand the Nature of the Art of Perſpective; but 
two things are to be explained, from which the 
Diverſity of Geographical Maps ariſes. 
W E ſaid a Place muſt be ſuppoſed for the Eye; 
and ſince there are infinite Places in which the 
Eye may be, the Rays that come from the Object 
will penetrate the Plane in infinite Places; as a 
Houſe, it's Walls and Frontiſpiece appear other- 
wiſe when the Eye is directly oppoſite to it, than 
when obliquely, and when the Eye is higher than 
it, than when lower: which Maſters may ſhow to 
their Scholars by a Figure. Thus the Earth 0 
2 2 10 
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the Circles on it will appear differently to an Eye 
above the Equator, and co another in it's Axis, or 
another above a certain Place between the Pole 
and Equator; which will cauſe the Circles on the 
Earth to appear in different Figures; which the 
Reader may eaſily conceive, eſpecially if ſhown 
by a Maſter. 7; ou gel 
ANOTHER thing which we think is to be 
conceived in this Method, is the Cauſe of the dif- 
ferent bigneſs of Maps: for all Objects, as Churches 
or Houſes, may be repreſented either as big or 
little on the Plane. The Cauſe of it is twofold ; 
1. The further the Object is from the Eye, the 
Appearance is the ſmaller ; the Plane interpoſed 
continuing in the ſame Situation. 2. The nearer 
the Plane, on which the Repreſentation 1s made, 
to the Eye, the Appearance is the leſs, and the 
nearer the Object, the greater (a). hs 

AND if the Eye be removed never ſo far from 
the Object, the Plane being fixed, provided the Eye 
be moved in a Line thro* the Center, or perpendi- 
cular to the Earth's Surface, the Figure will appear 
the fame, tho' leſſer (0); and ſo if the Plane be = 
| ene PE and. bc | move 


(a) That is, if both the Plane 
and the Eye be together remo- 
ved from the Object; the Image 


mage becomes as hrge as the 
Obe „ an | 
(% In repreſenting plain Sur- 


becomes the ſmaller, the farther 
the Eye is removed. But if 
the Plane retains the fame Si- 


tuation, with reſpeR to the Ob- 


jet, the Image becomes the 
larger, the farther the Eye is 
removed. For where the Eye 
touches the Plane, the whole 
Projection is confounded in one 
Point; but as the Bye gradually 

recedes, the Projection enlarges; 
and when the Eye is removed 
to an infinite Diſtance, the I- 


faces, how far ſoever either the 
Plane, or the Eye be removed, 
the Figure ofthe Projection is no 
way altered, except in it's mag- 
nitude; provided the Plane re- 
tains it's parallel Situation, and 
the Eye continues in the ſame 
perpendicular Line. And ſo, if a 
curve Surface is to be project- 
ed, and the Eye have a certain 
Situation, the Projection re- 
mains ſimilar, tho the Plane 
be remoyed to ever ſo. great, 

2 or 
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moved nearer to the Object, or from the Eye, the 
Image of it in theſe different Diſtances will be ſimi. 
tar, if the Plane be kept ſtill in a parallel poſition 
tho* the Image will be different in it's Magnitude, 
Bur if the Table alter it's poſition, or the Eye go 
out of the Line that paſſes thro? the Earth's Center, 
then the Image will be diſſimilar ; and the Rays 
will come thro* Points of the Plane that have a 
different proportion in their Diſtances from ano- 
ther. EN 15 82s | 
BU in projecting all Bodies, and alſo that 
of the Superficies of the Earth, they uſe to place the 
Plane whereon the Picture is, fo as to touch the 
Body or Superficies in a point, thro' which, if a 
L. ine paſſes from the Eye, it would be perpendicular 
to the Body, or go to the Earth's Center : bur for 
the Magnitude of the Image we ſuppoſe the Eye 
to be more or leſs diſtant from the Earth, which 
will then appear ſmall. 

T HE SE things, of the Projection of the Earth 
and the Origin of Maps, being explained, in the 
general; we ſhall ſhow the Method itſelf : where it 
may be aſked, whether the Laws of Perſpective 
muſt be kept to; the Deſign of the Maps being 
to repreſent clearly and conveniently the places on 
the Earth in their due Diſtances ; and whether this 
may be done without Optics: to which I anſwer, 
that particular Maps may be made only by the 
Angles of Poſition, and the Diſtances of places ; 
but in large Maps there muſt be an exact Obſer- 
vation of the Laws of Perſpective ; even tho? the 


or ever ſo ſmall a Diſtance. gures, proceeding ſolely from 
But if the Eye be moved, tho* this, that in the former the 
in the ſame perpendicular Line Eye is ſuppoſed removed only 
the Figure immediately alters, a Semidiameter of the Earth 
even tho* the Plane remains from the Center ; and in the 
fixed. Hence there is a very latter, placed at an infinite Di- 


different Ap einthe thir- ſtance, 
ty fifth: Ec thirty eighth Fi- "4 


Places 
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Places of the Earth. are not truly. repreſented. as 
they are on the Earth. For we muſt know, that 
there is a three-fold end for which Maps are made; 
1. That all Places may have ſuch a Situation and 
Diſtance from the chief Circles of the Earth; as 
the Equator, Parallels, Meridians, as on the Earth 
itſelf, that the Diſtance of the Parallel of each 
Place from the Equator, the Zone, the Climate, 
Sc. may be ſeen in the Maps: for the Properties 
and Celeſtial Appearances in the Countries de- 
pend on it. 2. That the bigneſs of each Coun- 
try may be in the ſame in Porportion as they are on 
the Earth. 3. That Places may be. ſo ſituated, 
and diſtant from one another as they are on the 
Earth, La EE GO ot og gy ag mms 
The firſt of theſe ſhould be exactly anſwered 
by the Maps; and they do it for the moſt part; 
being made from Fables of Latitude and Lon- 
gitude: nor is it hindred by the Laws of Per- 
ſpective. But the ſecond cannot be accurately 
done if the Laws of Perſpective be obſerved; for 
the Parts of the curve Superficies that are furtheſt 
from the Eye, appear leſs than thoſe on the 
Plane near the Eye; yet the inequality is but ſmall 
if the Eye be ſuppoſed to be at an infinite Diſtance 
from the Earth (c). The third Requiſite; no 


(c).It is a common and una- be corrected; twill be proper 
voidable Error in all the Pro- to conſider the Formation and 
jections of this kind, that the Origin of theſe Repreſentations, 
Parts unequally diſtant from the ind this will be the eaſier, if 
Center, are repreſented as un- we drop the Deſcription of the 
equally diſtant in the Map: Globe: and make choice, of 
whence the Magnitudes and any ſingle Circle, by way of 
BY Figures of the Parts of the Example. N 
== Earth, are more or leſs alter- Suppoſe, therefore, half th 

| ed, and diſtorted, according to Circle CBC D were to b 

the different Poſition of the projected, vin. CBC: (Eg. 
Eye. To underſtand how this 34. 35. 367 37.) the Eye be- 
happens ; and how far it may ing placed in O, in the Dia- 


meter BED, drawn out to any 


length towards D, and the Eye 
directed upon the right Line 


CEC; it appears that if any 


Difference be found in the Pro- 


jections of the different Parts, 
it will be the greateſt betwixt 
the Repreſentations of the Parts 


in the middle of the Semi- 


circle, lying near B, directly un- 
der the Eye; and thoſe which 
lie fartheſt removed from the 
former; viz. in Cc. Theſe 
Parts, therefore, we are chief- 
ly to confider. © 4 
: 'Suppoſe then B 3 to be an 
infinitely x9 Part of the Pe- 
riphery; ſo. as to paſs for a 
55 Line; and C r e- 
qual to it; and the Eye at 
pleaſure, ſituated in the right 
Line E D, infinitely produced: 
then the Repreſentation of B 5, 
will be the little Line E e, and 
the Repreſentation of C c, will 
be Cd. iin an 


Now, from the Elements of 


Geometry, becauſe the Trian- 
gles OBb and O Ee, are ſi- 
milar, OB: OE: : Bb: Ee. 
And again, becauſe the Trian- 
ples O E d and c C dare ſimilar, 


OE: Ed: : cC: Cd. Whence 


we may eaſily underſtand what 
the Proportion will be betwixt 
Ee and C d, the Projections of 
the little Lines B& and Cc at 
whatever Diſtance the Eye be 
Place. eee 

For, firſt, if the Eye were 
— e the Center E, 
Pig. 34.) by the infinitely little 
Diftance 00 E; then 82 Will 
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large Maps, ſuch as thoſe of the Earth, or the four 
Quarters thereof, can fuÞply ; tho” in ſmall Parts 


Ns a, they 
be infinitely little in reſpect of 
B B, or Cc, and therefore more 
than infinitely little with reſpec 


to the Line C; which in this 


Caſe is equal to half the Radius, 
Secondy, if the Eye be in 
the Point D; (Fig. 35:) then 
Ee will be half the Line C 4; 
as in the firſt, ſecond, and 
« 7 Method of the Author, 
wherein the · Parts directly ex- 
wy to the Eye, are repre: 
ented much ſmaller than thoſe 


| Pooh at the Extremities of the 


ap: Ser Fig. 39, 40, and 45. 
Bat if 0 B b the Side of; 


Decagon, inſcribed in a Circle; 


the Projections of the Parts B, 
and Ce, will be equal to Ee, 
and C4 (Fig. 36). | 
If the Eye (Big. 37) be remo- 
ved to an infinite Diſtance, as in 
the Author's ſeventh Method; 


then Ee, will be infinitely big- 


ger than Cd. And hence, in 
(Fig. 43), the Projections of the 
Parts'that fall in the middle of 
the Map, are much larger, than 
of thoſe which approach to the 
exterior Circle. 
When the Eye is placed in 
any intermediate Part betwixt 
thoſe above-mentioned ; the 
Lines Ee and C d, will be pro- 
portionable to each other, in 
an intermediate Manner, reſpe- 
ctively. So that we may make 
the Repreſentations of the Parts 
Bb, and Ce, either equal, or in 
any l reater than 
each other, by chuſing a pro- 
— or correſponding Place for 


Eye. a 
. Among 


V 9 
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they do it indifferently s well, and moſt People 


| think 'tis done im great Maps too; but we dall 


explain theſe things more fully in the Deſcription 
w 7 only we would: here obſerve, that in all the 


general Maps commonly 


fold by Artificers, that 


Point is ſuppoſed to be juſt under the Eye in the 


rejection, which is in the middle of the Map; for 


61718 


Among the infinite 2 
aſſignable to the Eye, there fre 
chiefly two that have been bo 
wherein it is placed either in 
the Point D, or removed to an 
infinite Diſtance; becauſe no 
Method was found more eaſy 
in Deſcription, or more com- 
modious with reſpect to the Er- 
ror abovementioned. And hence 
the Surface of the Earth has 
been repreſented in a very di- 
ſorted and deformed Manner; 
whilt thoſe Parts that fall chief- 
ly in the middle or extremi- 
ties of the Map, were exhibited 
either much larger, or much 
ol than they ought to have 

ROW, OCD. 20; 

This being obſerved by that 


excellent Aſtronomer, M. de la 


Hire; he invented a Remedy 


for the inconvenience; by mak- 


equal to F'G, the right Sine of 
forty five Degrees. And hence 
the right Line OG, being 
drawn, bifecting the Quadrant 


* BC, it alſo bi ects the Radius 
WW EC; whichrepreſentsthat Qua- 


drant; as eaſily appears by con- 
ſidering the ſimilar Triangles 
OFG, and OE I. And thus 


the other Parts of the Quadrant 
— —!X .. 


2 Haff. Acad. Scient. 1701. 
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each other, A d 
e 


B C, and, in the like manner, of 
the whole Semicigele | AB C, 
are repreſented in the Proje- 
ion, nearly proportional to 
E 4 to Senſe, e 


And as. this Method of de- 


ſeribing the Earth or Heaven 
is not inferior to the tata 


Methods, in Point of facility; 
ſo it is highly preferable in re- 
ſpect of accuracy and fimiliarity. 

In this Projection, all the 


erg eee 


directly expoſed 
to the Eye, are repreſented by 


right Lines; and all thoſe which 


have their Planes parallel to the 


Plane of the Map MEC, or 
ſtand perpendicular to the Dia- 
meter BD alſo denote Circles 


in the Map; but the reſt are 


inconvenience, by 1 elliptical; all which, whether 
ing the Diſtance DO, (Fig: 38.) ſtrai 


at Lines, or the Diameter 
of Circles, and Ellipfes, 'are 
found in the ſame manner, a5 


is deſcribed) by the Author. 


We muſt however obſerve, that 
the Lines for dividing the Di 
ameters A C, and B D, which, 
in Fg. 39 and 40," are drawn 


from the ends of the  Diarhe- 


ters, are to be dran for the 
Points that lie removed from 
of DO. Te 
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the Equator, viz, the Pole: and each Place will 


+ 


above that the Eye is ſuppoſed to be; and tis ſo 
in many particular Maps, but not all. 
I will be of uſe to underſtand what follows, if 
Maſters and Scholars purchaſe ſets of Maps; that 
what we ſay may be illuſtrated by Examples. 


| The firſt eaſy Method, in which. the Eye. is Placed 
„„ in the Axis 


1. I will ſhow the Conſtruction of the North 
Hemiſphere this way. Let us ſuppoſe the Eye 
placed without the Hemiſphere, and to be above 
the North Pole; and thus the Eye will be in the 
Earth's Axis, tis no matter whether in the Axis 
produced from the Pole, or in the Axis near the 
South Pole. For the Map or Plane on which the 
Repreſentation is to be made, we may take the 
Plane of the Equator, or one touching at the North 
Pole, if the Eye be ſuppoſed. to be in the Axis 
produced from the North Pole. But that we may Wl 
the better expreſs it without Confuſion, let us ſup- Wl 
poſe the Eye at the South Pole, and the Plane of I 
the Equator to be the Map or Plane on which the 
Projection is to be made (the Earth being concei- 
ved to be ſmall), and we are to ſuppoſe Rays from 
all Parts of the North Hemiſphere coming to the 
Eye, which will all penetrate the Plane of the E- 
quator; the Points where they penetrate will re- 
preſent the Places they come from; and all the 
Points in the Circles, parallel to the Equator, will 
appear as à Circle, and therefore the Equator wil 
be the primitive Circle and Bounds of the Proje- 
Eon ; and the Pole will be in the Center, the 
Diameters will be the Meridians, and the Paral- 
Tels of Latitude will have the ſame Center with 


be where it's Meridian cuts it's Parallel of Lati- 
tude. The other Circles or Semicircles will not 
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be Circles in the Figure, but Ellipſes ; for Ex- 

ample, the Horizon and vertical Circles will be 

of an elliptical Figure, as made by a ſubcontrary 
Section of the Cone (as they who underſtand Conic 

Sections are ſenſible . 
AND to underſtand this the better, we muſt 
conceive a Cone of Rays, whoſe Vertex, or Top, 
is the Eye, and the Baſe a Circle on the Earth to 
be repreſented; the Sides being the Rays from 
W the Eye to the Periphery, and that this Cone 
is cut by a Plane ſeveral ways according to it's 
W Poſition ; which will cauſe a Projection of the ſe- 
veral Circles on the Earth. Thus the Ecliptic, 
only whoſe half is repreſented in the northern He. 
miſphere, makes an Ellipſis, or a part of it; yet 
properly it repreſents not the Ecliptic on the Earth 
hich is changed every Day, but only the Ecliptic 
or one Day, or one Moment of a Day; and it's 
Interſection with the Equator may be at any Point: 
Met in all Maps *tis thought moſt commodious to 
e where the firſt Meridian cuts the Equator. _ 

8 THUS we have explained the Origin and firſt 
ethod of thoſe Maps that ſuppoſe the Eye to be in 
e Axis; and how tis to be done we ſhall now thow. 
== ON Paper, or a Plane: Let a Point be taken 
rr the Pole, (Fig. 39.) and on it, as a Center, de- 
- {Ecribe a Circle great or ſmall, according as you 
&- {Would have the Projection, and that will be the E- 
aator; theſe two are taken at Pleaſure, but the reſt 
uſt be found from theſe. Divide the Equator into 
ree hundred and ſixty Parts, and Lines drawn 
om the Center to theſe Parts will be Mert- 
glans; counting that the firſt which goes thro” o o. 
hen the Parallels of Latitude are to be deſcribed. 
et the four Quadrants of the Equator be marked 
z from oo to go, and BC from go to 180, and 
b from 180 to 270, and DA from 270 to 00 
an; and taking one Quadrant, as B C from each 
YUL I I of 
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of whoſe Degrees draw occult Lines to D (and 
mark thoſe that go thro' the 23 degr. 30 min and 
65 deg. 30 min.) the Line DB is as far from P as 
the Eye is from the Pole: and thro? P, as a Center, 
draw Circles thro* every Point of Interſection in 
the Line PC, which will be Parallels of Latitudes 
which may be counted on the Lines AP and 
CP 1, 2, 3, 4 from the Equator to the Pole; and 
you will fee the Latitude of each, and mark there- 
on the Tropic of Cancer, and the polar Circle at 
23 deg. 30 min, and 66 degr. 30 min. there need 
only be coloured Lines at every fifth Meridian ; the 
reſt being occult, that there may be room for 
affixing the Names of Places, ! 

AFTER the Parallels and Meridians aredrawn 
it will be eaſy to mark down the Places from the 
Tables of Latitude and Longitude ; finding firſt 
their Longitude, and then the Parallel of their La- 
titude; and where theſe two cut one another is the 
Place. 

IF the Ecliptic is alſo to be drawn, it muſt be 
done before the Names of Places are written; and 
it being an Ellipſis in the Projection, the ſeveral 


Points are to be found thro' which it paſſeth ; the 


firſt Point 1s where the firſt Meridian cuts the 
_ Equator, viz. at the firſt of Aries, and the other 
Point in the oppoſite Part of the Equator, which 
will be the firſt of Libra; and the intermediate 
Point is where the Meridian thro' ninety Degrees 
cuts the Tropic. Thus we have the three Points 
thro? which a Portion of the Ellipſis paſſes, which 
will be leſs than the half of an Ellipſis, for the 
other Points, as the firſt of Taurus, Sc. there the 
Declination of theſe Points, and their right Aſcen- 
ſions from the firſt Meridian muſt be taken from 
the Tables here adjoined. 


Declina- 


inn end = as oc 0 ___ 


py bm jp 


B. wa 

16 of Aries and Vio 5. 56} 13 48/166 for 15th of Virgo 
15 of Taurus and Leo 16 24/42 {137 for 15th of Leo 

1 of Gemini and Leo 26 1357 - [122 1it of Leo begins 
15 of Gemini and Cancer 22 41] [73- 106 for 15th of Cancer. 
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THEN where 13 or 14 Degrees cuts the Patal- 
lel of 5 Degrees, or rather 6 Degrees, that Point 
will be the fifteenth of Aries; and where 27 cuts the 

Parallel of 113, there begins the firſt of Taurus; 
and where 42 cuts the Parallel of 16, there is the 
fifteenth-of Taurus; and where the Meridian 106 
cutsthe Patallel 22 D. 41 M. there beginsthe fifteenth 
of Cancer; and where the Meridian 122 cuts the 
Parallel of 20, there the firſt of Leo begins; and 
ſo for the reſt: theſe Points being joined by a curve 
Line, we ſhall have a Portion of the Ellipſis for the 
North Part of the Ecliptic, whoſe Signs are eaſily 


to which you have it's Declination and Right Aſ- 
cenſion, as we marked, 15 Degrees of Taurus; the 
firſt of Cancer, Sc. Thus is the Map finiſhed, 
that repreſents the northern Hemiſphere. 
'TIS plain from the Deſcription and Conſtru- 
ction, that the Method is eaſy and pleaſant; now 
for the Uſe and Advantage thereof. We ſaid there 
is a three-fold end in conſtructing Maps; the firſt 
of them is anſwered becauſe the Latitude and Longi - 
tude of Places are thus ſhown accurately: it ſhows 
alſo the Zones, or the Diſtance of Places from the 
Sun's Way, As for the ſecond, viz, the proportionate 
bigneſs of each Country; that is not ſo truly ſhown ; 
for the nearer the Places are to the Equator, they are 
proportionably larger; yet the Difference is but 
ſmall, becauſe of the great Diſtance the Eye is ſup- 
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marked, taking the end of each Sign in the Tables 


poſed to be at from them; and that fault is com- 


„„ The Comparative Part 8 we + VI. 


penſed by marking down the better the Placez 
near the Equator, thoſe near the Pole being not 
much inhabited. As for the third end, viz. the 8i. 
tuation of Places, and their Diſtance, this cannot 
be known by theſe Maps; for the Lines on the Maps 
which denote theſe, are otherwiſe-than: they are on 
the earth; but to know the Situation of Places with 
reſpect to any other, the Horizon of that place muſt 
be drawn, as an Ellipſis, thus. Let there be coun. 
ted from the Meridian of the Place ninety B 
both ways, and the riſing and continuance of the 
Sun above the Horizon may be known from that 
part of the Map which begins and ends at the two 
Points where the Horizon cuts the Equator ; and 
the middle Point will be in the other Quadrant of 
the Meridian; as far from the Equator as the Place 
1s from the Pole : which will ſhow the North Point, 
The South Point we ſhall ſhow how to find a lit- 
tle below, if more than a Hemiſphere be ſhown 
in the Map, it not being in an Hemiſphere only, 
except the Horizon of the Pole, which is the Equa- 
tor. Thus then we have three Points for the Ho- 
rizon ; the other Points may be found eaſier by the 
Globe, thus: Elevate it for the Latitude of the 
Place, and take the Point in each Parallel thro 
which the firſt Meridian paſſes, and bring it to the 
Horizon, and mark the Degrees under the Meri- 
dian, and do ſo for each Point in the firſt Meri- 
dian, and then count the Degrees for each Parallel 
from the Meridian of the Place on the Equator 
both ways; and where the Meridian cuts the Pa- 
rallels anſwering them, you have the other Points 
thro* which the Horizon is to be drawn, by which 
you may judge nearly the Situation of other Places 
fromthe Place given. | | 

THUS may almoſt the whole Earth be drawn in 
one Map, ifeither Pole, for inſtance, the South Pole, 


be taken for the Place of the eye: and the primitive 
2 Circle 
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Circle incloſing the Map, may be any Parallel; for 
Example, if you take the antarctic Circle, if you 
would repreſent the Superficies between the North 
Pole Wy in the Map, it wants only the lengthen- 
ing out of the Meridian Lines in the former Con- 
ſtruction, and Parallels drawn on the other Side of 
the Equator, and let the Ecliptic be drawn entire, 
and the Horizon if you pleaſe compleated. 

BUT becauſe the Parts, or Degrees, near the 
South Pole will be thus much larger than near the 
Equator, or in it, which is againſt the Truth of 
the Thing, *tis better to divide the Map into two; 
one ſhowing the North; the other the South He- 
miſphere. | 1 

THERE are few Maps drawn this way, tho? 
there are commonly two ſmall ones of this kind ad- 
ded to the general right lined Maps, one repreſent- 
ing the Countries about the North, the other about 
the South Pole; which Readers may ſee for the 
better underſtanding what is ſaid here: but theſe- 
things are better underſtood from ſeeing them done 
than by Words, 


The ſecond Met bod; the Eye being in the Plane of the 
Equator. | 


THE preceding Method of deſcribing Geogra- 
phical Maps, neither ſhows the Magnitude and Si- 
tuation of Places, nor is it fit to deſcribe an He- 
miſphere, with Poles in it, and ſo repreſent all 
Places in one Semicircle of the Meridian; and be- 
ſides, *tis not agreeable to our way of thinking, to 
have the Pole in the Center, which makes it more 
difficult to conceive the Map, and therefore ano- 
ther Method was found out ; which is indeed more 
difficult than the former, but more fit to repre- 
ſent Places: and it alſo removes the Poles from the 


uator.. 
| Fq | TO 
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T O underſtand this Method we muſt conceive 
the Earth's Surface divided into two Hemiſpheres, 
by an entire Circle of the firſt Meridian, and are 
to be exhibited in two Maps, * 

THE Eye is ſuppoſed in a Place of the Equator, 
ninety Degrees from the firſt Meridian; the Map 
in which it is repreſented is the Plane of the firſt 
Meridian; and the Hemiſphere, which lies under 
that, in reſpect of the Eye above it, is that which 
we would repreſent on the Plane, In which Pro- 
jection the Equator becomes a ſtrait Line, and 
that Meridian ninety Degrees from the firſt, be- 
comes alſo a ſtrait Line, the other Meridians, and 
all the Parallels of Latitude, and the Ecliptic be- 
come Circles, becauſe their Cones are cut by the 
Plane, or Map, in a ſubcontrary Section; the ex- 

lication of which depends on the Doctrine of 
Conic Sections; and is underſtood better by Sight 
than by Words. 

T HE Deſcription is made thus : Having taken 
in the Map the Point E (Fig. 40) for a Center, 
deſcribe a large or ſmall Circle ABCD, as yu 
would have your Map large or ſmall. This repre- 
ſents the firſt Meridian, and it's oppoſite ; the 
Diameter B D repreſents the Meridian that is 
ninety Degrees from the firſt, and B the one Pole, 
and D the other; and AC perpendicular to AD 
is the Equator ; Let each Quadrant AB, BC, CD, 
DA, be divided into ninety Degrees. And to re- 
preſent the Meridians and Parallels, or to find the 
Arches of the Meridians and Parallels, this mult 
be done. 1 

1. LE T the Equator A C be divided into one 
hundred and eighty Degrees, for it repreſents on 
the half of the Equator, or AE, E C in ninety fp 
Degrees each: from the Point D draw ſtrait Lines JW t 
to every Degree of the two Quadrants A BC, o 
apply a Ruler to P, and to each Degree in the 2 4 
micircb Þ 
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micircle ABC, and it will divide it into one hundred 
and eighty Parts, which are Degrees of Longirude, 
to be marked 1, 2, 3, 4, from the firſt Meridian. 
Throꝰ each Point, and the two Pole Circles are to 
be deſcribed, which will be Meridians ; but how 
a Circle is to be deſcribed thro* the three Points 
BID, or B2D, Sc. is to be learnt from Geometry: 
and that is by finding the Centers of each Circle, 
which will be all in the Equator, as the Meridian 
DAB hath E for it's Center. Euclid ſhows a 
Method, in Book iv. Prop. iii. by connecting the 


Lines Br, B2, Ge. and biſecting them by Perpendi- 
| culars which will cut one another in the Equator, 
which, if need be, muſt be drawn out ; but it will 


be eaſier in Practice, to draw Lines from B, thro? 
each Degree of the Semicircle, ABC to the Equa- 


| tor protracted, which will give the Points a, b, c, d, 


e, and fo 1 à will be the Diameter of that Meridian, 
which ſhould paſsthro* 1; and 2 6, of that thro? 2, 


1 &c, if then 1 4, and 2b, &c, be biſected, we ſhall 


have the Centers of the Meridians to be deſcribed. 
YE T the Work will be eaſier, and leſs liable 
to Error, eſpecially in great Maps, by the Canon 
of Tangents; for thus there ſhall be no need of 
drawing Lines; for to divide EA, EC, c. into 
Degrees we do thus: We divide, or ſuppoſe to be 


: divided, EB, by a proper Scale, into ten thouſand 
Parts, and from the Canon we take the Tangent 


of thirty Minutes, ſixty Minutes, and one Degree 


and a half, Sc. and each of thoſe Tangents taken 
from the Scale, we lay down on EA, EC, EB, 
Eb, and the neareſt Points will contain one De- 
Lree to be counted as before. Then to find the 
Centers of each Meridian, take any Number be- 
tween BC or E and any Degree, and the Double 
thereof take from ninety, or the Number itſelf from 
Ils Complement; and taking the Tangent of the 
Kemainder from the Canon, and ſet from E on 


P 4 E C or 
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EC or E A, and it will give the Center of the Me- 
ridian to be deſcribed thro'ꝰ that Degree, and ſo 
for all other Meridians, Practice will make this 
eaſy. The Foundation of the Work of finding the 
Centers is a Theorem in Trigonometry; viz. The 
Difference of the Tangents of two. Arches that conſtitute 
a Quadrant, is double to the Tangent of the Difference 
of the Arches. TER = 
TO draw the Parallels; the Meridian DB is to 
be divided the ſame way, into one hundred and 
eighty Degrees, as EA, EC were; viz, by draw- 
ing from C to each Degree of the Periphery DAB, 
occult Lines; tho? the Parts of E A may be tranſ- 
ferred to EB, the Points or Degrees from E to B, 
that is from the Equator to the Pole, or from E to 
D, the other Pole, are to be counted 1, 2, 3, 4, Ce. 

THE N thro? each of theſe Parts, and the cor- 
reſponding Degrees on the Quadrants, are the 
Arches of the Parallels to be drawn on both Sides 
of the Equator, And thus we ſhall have the 
Tropics thro? twenty three Degrees thirty Minutes; 
and the polar Circles thro? ſixty ſix Degrees thirty 
Minutes, . 3 

T O draw the Ecliptic there are two ways; for 
either the Ecliptic is ſuppoſed to cut the Equator 
in the Center, and then it will be a ſtrait 14 
and is to be divided the ſame way as the Equator; 
but if it be drawn ſo as that the Point of Interſe- 
ction, or the firſt of Aries, ſhall be in the firſt Me. 
ridian; then it will be the Part of a Circle, of 
which the two Points will be A and C, and the 
third the Point where the Meridian of ninety cuts 
the Tropics : and thus *tis commonly drawn, be- 
cauſe thus tis always in both Hemiſpheres, 

AND to determine the Places in thoſe Maps, 
their Latitudes and Longitudes are to be taken out 
of Tables; and where their Meridian cuts their 
Parallel, this is their Place, br 1 
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B the like Method the whole Superficies of 
the Earth may be drawn in one Map, if we take 
not the Planes of a Meridian for the Map; but 
another that ſhall be parallel to it, and very near 
the Eye: and thus the whole Parallels, and the 
Meridian with it's oppoſite, may be drawn. But 
yet the Appearance will differ much from the 
thing itſelf on the Earth; and therefore is not pra- 
ctiſed by Artificers, who rather draw two Hemiſ- 
pheres in one Map; yet it will be uſeful for Stu- 


dents to exerciſe themſelves in ſuch Things: and it 
will be beſt to place the Eye in the firſt Meridian 


at A; thus BD will be the firſt; and the Equator 


will not be A C, but a Line parallel to it, thro* a 
Point in E D, which is divided into as many De- 


grees as there are in the Arch cut off. 


A ſecond Advantage is, that it aptly repreſents 
the Hemiſphere between the two Poles. 
A third is, that it nearly ſhows the Latitudes 


and Longitudes of each Place; as they are on the 
Earth. . 004143 5 

T HE Diſadvantages are firſt, that the Degrees 
of the Equator are divided unequally; being 
larger the nearer to the firſt Meridian, or it's op- 
polite z and therefore the Countries that are equal 
on the Earth will appear here unequally, as in the 
preceding Method; but this defect is in part re- 
medied if the Eye be ſuppoſed far from the Earth: 
and the ſame way do the Places about the Poles 
ſeem larger than they ſnould do. 2. The Situation 
of Places is not eaſily found, nor the Diſtance of 
two Places. ä 8 
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The third, , fourth and fifth: Method for 27 lined 
| Maps. 1 | 


TH E R E are to be ſold univerſal Gepe 
Maps, that have all ſtrait Lines, both for the Pa- 
rallels and Meridians: which is impoſſible by the 
Law of Perſpective: nor is it poſſible that the Eye 
and the Plane can be ſo ſituated, that both the Pa- 
rallels and Meridians will appear as ſtrait Lines. 
In the firſt Method the Meridians were ſtrait Lines 
according to Perſpective; and the Parallels are 
Circles: and in the fifth Method following, the Cir- 
cles of Latitude will be ſtrait Lines, and the Me- 
ridians Ellipſes. In other Methods, by the Law 
of Perſpective, both are curve Lines, excepting 
one wherein the Meridians are ſtrait Lines; but the 
Circles of Latitude are Hyperbola's ; that is, when 
the Eye is placed in the Centre of the Earth, and 
ſeeth the Hemiſphere on both Sides of the firſt 
Meridian, and the Plane thro* which the Eye 
looks, is parallel to the firſt Meridian; thus the 
Meridians will be ſtrait Lines, and the Circles of 
Latitude Hyperbola's. The Diviſion of the Equa- 
tor and Meridians according to this Method being 
eaſy, they that delight in a Variety of ſuch things 
may draw ſuch a Map, tho' the Hyperbola's will 
not be ſo eaſily drawn as the other Parts; therefore 


we ſhall ſay no more of it: they who would try it 


may conſult a Maſter. The right lined Maps then 
are not according to the Laws of Perſpective, but 
rather againſt them: and they are of two Sorts, 
ſome have both the Degrees of Latitude and Lon- 
gitude equal, as they were of old; others now have 
the Degrees of the Equator equal (contrary to the 
Law of Perſpective) but not of the Meridians: for 
the Degrees on them become ſtill bigger the nearer 
either Pole; ſo that the eighth Degree is ten Times 

larger 
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larger than the firſt at the Equator (and at the Pole 
they are infinite which cannot be expreſſed in any 
Map); Whereas the Law of Perſpective admits only 
of a threefold encreaſe there (d ). 

THE right-lined Maps, according to the firft 
Way are very eaſy; for having taken A B (Fig. 
41.) for the Length of the Map, *tis divided into 
one hundred and eighty Degrees, or equal Parts, 
for one Hemiſphere ; and thro? each Degree are 
drawn Meridians, ſtrait and perpendicular; and on 
theſe are taken Parts equal to thoſe on the Equa- 
tor; and thro? each Degree of Latitude are drawn 
Parallels to the Equator, or Circles of Latitude; 


and thus may each Place be marked, as before, 


by it's Latitude and Longitude. 
"THE fecond Method agrees with the firſt in 
the equal Diviſions of the Equator, thro* which 


Perpendiculars are drawn, which will be Circles of 
Longitude ; (Fig. 42.) but for drawing Parallels to 


the Equator, there is another Method : for the 
Meridians have the Degrees on them greater, near- 
er the Pole. And this happens becauſe other 
Maps do not ſhow the Diſtance, nor poſition of 
two Places, both which may be had here: for Be- 
cauſe the Meridians of each Degree are equidiſtant, 
or parallel, therefore the Places are thereby remov- 
ed from the firſt Meridian, more than they ought 
to be; and the more the nearer the Pole, in pro- 
portion as the whole Sine exceeds the Sine of the 
Complement of the Latitude of the Place; for As 
Radius to the Sine-Complement of the Latitude of 


(4) The Laws of Perſpectiye largely near the Pole, is not 
do not indeed d the In- contrary to the Laws of Per 
creaſes of the Meridians, in this ſpective; which affords not only 
kind of Maps, but obſerve adif- a tripple, but any other Degree 
ferent Proportion, as the Makers of Increaſe, as appears from the 
of theſe Maps allow. But that Note immediately preceding. 
the Degrees ſhould increaſe ſe | | 
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the Place, So is a Degree on the Equator, or any 
Number of them, to the ſame Number on the Pa- 
rallel; and therefore they muſt be leſs there than 
on the Equator, and the leſs the nearer the Pole: 
but in right-lined Maps they are drawn equal in 
all the Parallels. And as Degrees on the Circles 
of Latitude increaſe more than they ſhould, thoſe 
of the Meridians are made to increaſe as much; 
that the one may correct the other; for as the quan- 
tity of one Degree in each Parallel is to a Degree 
on the Equator, ſo is the Sine - Complement of the 
Latitude of that Parallel where the Degree begins 
to the whole Sine: and ſo is a Degree of Latitude 
on the Equator to a Degree of Latitude through 
whoſe beginning the Parallel paſſeth. But more 
accurately thus: by taking the Sine-Complement 
of the Latitude which begins the Degree, and 
adding it to the Sine of the Complement of Lati- 
tude that ends the Degree; and taking the one half 
of both for the firſt Term in the Proportion. 


For Example. 


LET the quantity of the firſt Degree of Lati- 
tude be to be determined, the Degree on the E- 
quator being ten Parts ; by the firſt Proportion it 
will be equal to that on the Equator, becauſe the 
Vegree begins at the Equator ; but by the ſecond 
Proportion I take the Sine-Complement of o De- 
grees (which is the Sine of go) 100000, which I 
add to the Sine - Complement of 1 Degree, or the 
Sine of 89 Degrees, which is 99985, and they 
make 199985, whoſe half is 99992; then As 
99992 is to 100000, So is 10 to 5353333 for the 
firſt Degree which increaſes ſo little above 1 Degree 
on the Equator, that it cannot be marked on the 
Map; ſo we may count them equal: but they in- 
creaſe ſenſibly as they approach to the Poles. 1 

8 the 
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the 60 Degree be to be marked by the firſt Pro- 
portion, the Sine-Complement of 59 is 515033 
then As 51503 1s to 100000, So is 10 to 19 to 
be taken from the ſame Scale where the Degree 
is made ten Parts. By the ſecond Proportion the 
Sine-Complement of 59 is 51503, and the Sine- 
Complement of 60 f is 50000, their Sum 50751 3 
then As 50751 is to 100000, So is 10 to 192 3 


which is but a little above the former, and not 


worth the Pains to obſerve; and when the bigneſs 
of the ſecond Degree is found, tis thus to be ad- 
ded to the firſt ; and the quantity of the third De- 
gree is to be added to — To make the Thing 


more eaſy, we here add a Table of the Magnitude 


of each Degree; the ne T7 15 8 be- 
ing 100. | 


Bl Tag Tidy 
| Degr. Degr. wh 


100 | 17 1725 | 33 3499 | 
200 | 18 1830 | 34. 3619 


300 19 1936 | 35 3740; 
4003]. 20 2042 | 36 3863 


2 
3 
4 
5 5005] 21 2150 37 3988 
7 
8 


8 


601 22 2256 38 4114 | 

702 | 23 2304 | 39 4241 

80224. 247 4 4372 | 
9 903] 25 2583 41 4502 
Io 1005 | 26 2694 42 4636 
11” 1107 27 2806 42 4772 
12 1209 28 2918 44 4909 
13 z] 29 300 -. ‚ ͤ% 
14 1414 | 30 3147 46 5193 
15 1517 |, 31 3263 47 5330 

32 3347 | 48 
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| 55 6611 67 9023 LY P 13409 


57 69701 69. 9691] 81 14565 


e 9 Fu Dag. 2h 4 . 
49 N ct 7749 73 10900 


| 5: 5981 | 63 8175} 75 11617 
e 8399 | 76 _I12017 | 
'53 6274 | 65 8631 | 77 12445 | 


56 6790 | 68 9384 | 80 13960 


| 58 7157 | 70 9943 82 15243 
| 59 7349 71 19243 |: 83 16009 
$2.00. 7549. _72 10558 _ 2. 


THE Degrees of Latitude being thus marked 
on the Meridian, draw Parallels thro* the end of 
each Degree 3 and each Place is to be marked 
where it's Circle of Latitude agd Longitude i inter- 
ſect each other. 

BUT the Countries near the Pole are ſtretched 
too much northwards ; and therefore the Places 
between the Pole and the polar Circles uſed to be 
ſer down in two Maps, by the firſt Method and 
Joined to the univerſal Map. 

T HE Uſe of ſuch Maps is, (1.) to find the 
Latitude and Longitude of Places, as before. (a.) 
Having, in Fig. 42, the Place R, from which J 
fail, and the Place 8, to which; to find the Point 
1 muſt ſteer my Courſe to I draw a Parallel thro 
R, which, with RS, ſhows the Angle or Point! 
muſt ſteer to. Seamen uſe another way. (3). The 
Diſtance between two Places may be found, if! 
take their Diſtance with the Compaſſes, and ſet 
it on the Meridian, ſo as the Feet of the Compaſſes 


may be equally diſtant from the Parallel in the 
middle 
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middle between theſe two Places: but this is not 
very nee 1 | 


The ſixth and ſeventh Method. 


* PTOLEMY, in the latter Part of the laſt 
= Chapter of his firſt Book of Geography, propoſes 
another Method, and ſhows how to repreſent 
© thereby the then known Part of the Earth. In 
= this Method both the Equator and Circles of 
= Latitude are alſo Arches of Circles; and the Me- 
= ridians, Arches of an Ellipſis. The Eye is ſuppo- 
ſed to be above the Meridian, which is in the 
middle of the Earth inhabited, and in the middle 


between the greateſt and leaſt Latitude known; 


but becauſe of the trouble of drawing an Ellipſis, 
and becauſe it ſeems to be deſigned by Ptolemy to 
repreſent the Part of the Earth inhabited, tis not 
uſed by Artificers. And the Method of repreſent- 
ing the Circles of Latitude by ſtrait Lines, but the 


| TS Mcridians as halves of Ellipſes, is ſomething like 


this; which Projection is made by ſuppoſing ſtrait 


Lines to fall perpendicularly from every Point of 


one Hemiſphere, on the Plane of the firſt Meri- 
dian Circle; and the Eye at an infinite Diſtance: 
as thoſe ſkilled in Dialling ſay, that all the Rays 
from the Sun, or any Part of it, come ſo near Pa- 
rallels as to be accounted ſuch, and cauſe the ſame 
Shadow as if they were parallel: which is not very 
difficult to conceive. OE 
IF therefore you would repreſent an Hemiſ- 
phere of the Earth after this manner, chuſe a 
Point on the Plane as E, (Fig. 43.) and from that, 
as a Center, deſcribe a Periphery ABC D, the 
3 Quadrants being AB, BC, CD, DA, divide each 
into ninety Degrees, beginning from AC to B 
and D, and BAD will be the firſt Meridian, 
Bb its oppoſite, and the middle one BD mw 
1 2 
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be ninety Degrees from the firſt BA D. Then 
draw AC, which will be half of the Equator, and 
draw Parallels thro? every Degree of the Quadrants, 
in which you will have the "Tropics at twenty three 
Degrees thirty Minutes, and the polar Circles at 
fixry fix Degrees thirty Minutes. The Parts into 
which EB, ED are divided, are Degrees of the 
Meridian BD, which are to be marked 1, 2, 3 
Sc. and the ſame Parts mult be taken in the 

drant of the Equator EA, and the other E C, * 
marked 1, 2, 3, to 180, beginning at the firſt 
Meridian BA D. And thus the Parts in E A, EC 
will have the Parts into which the Equator is di- 
vided, and are Degrees of Longitude, thro? which, 
and the Poles, Meridians are to be drawn as half 
Ellipſes; and becauſe B D is the longeſt Diameter, 
and the ſhorteſt is different in each Ellipſis, and 
will be between E and the Degree of Longitude; 


it will be eaſy to draw them with an Inſtrument 


now common, having their longeſt and ſhorteſt 
Diameter. The ſeveral Points in the Ellipſis may 
be found, which may be joined by a good Hand; 
but 'tis better to draw them with a chin Piece of 
 Whalebone or Steel. 

HAVING thus drawn the Circles of Latitude, 
and the Meridians, all Places may be laid down 
according to the Points in which their Circles of 
Latitude and their Meridians interſect. In which 
Map the Ecliptic will be either a ſtrait Line, ora 
curve (as was ſhown in the Maps by the ſecond 
Method) and may be eaſily drawn. 

THESE kind of Maps are as good as the 
former; and have this Advantage, that they re- 
preſent plainly the decreaſing of the Ce of La- 
titude towards the Poles. 

IF the Diviſion HG and HK (Fig, 44.) be 
not thro* the Lines drawn, on account of the 
great Diſtance of the Eye wh it will be eaſy by 

Calculation 
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Calculation to find the Parts for every Degree 
e EF N 
As the Diſtance of the Eye, taken from the 
Center of the Earth, with the Sine ot the Comple- 
ment of the Arch of the Equator to be repre- 
ſented, is to the Sine of the ſame Arch; So is the 
Diſtance of the Eye from the Map, to the Part 
of the Line HG or A K, which will repreſent 
ſo much of the Equator. o. 

For Example. Let us ſuppoſe the Eye D to be 
removed from the Center of the Earth two hun- 
dred of it's Semidiameters, and the Map H K one 
hundred. Then DE will he 200, and DH 100 
of ſuch Parts as EB or E A is 1. Let us firſt find 
the Longitude of G H K, which is to repreſent a 
emicircle of the Equator at this Diſtance of the 
Eye and Map, it will be then, - 
As DE is to DH, So is EA to HG, or the 
ES Semidiameter of the Earth; or as'200:100:: 1 
to 2; which ſhows, that GH or GK is to be half 
of the Length of the Semidiameter of the Earth: 
which indeed is too great, and can be repreſented 
on no Plane. ee e 9057 10 en, 
== THEREFORE, for the Earth we conceive 
Ja ſmall Sphere, whoſe Diameter is two Feet; then 
Hor HK will be one Foot, on the former 
uppoſition. e WN J 


ET if you would know how much the Eye 
muſt be removed from the Earth, that the Semi- 
diameter of the Equator E A may make the Pro- 
Pection HG of a given Length, as one Foot (the 
Pemidiameter of the Earth being 19598300) it 
may be found by this Proportion; ſuppoſing the 
PDiſtance of the Map from the Eye HD to be 
27 00000, As H G is to DH, So is E A to D F, i. e. 
: 100000 :: 19598300: 1959830000000, of 
rhich 18000 make a Dutch Mile; which is a great 


Diſtance, 
= VOL. II. * BUT 
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BU T in practice we do not take the Earth 
| irſelf, but it's Type, or a little Sphere, from which 


we need not ſuppoſe the Eye to be fo far; 551 
will make no Error in the e N 


| Ti be cighth Method ; in which any Place may be mad, 
K the Center id the Map. 


3 you "would have a Map in which the Situs 
tion. of all places with reſpect. to ſame one place, 
or any other, as alſo their Diſtances to be ſeen and 
found; there is a Method by which the Superficies 
of the Earth is ſo repreſented, that any place may 
be made the Center of the Map, and other place 
lie about it, which Maps pleaſe. thoſe that er. 
roneouſly think their Country is in the middle 
2 - <q Earth, as the Chineſe do, or the Zou did 
0 Io a 
TO deferibe ſuch a Map: Let us 3 u 
have Amſterdam in the Center; it's Latitude being 
fifty two, and the Eye placed in the point oppo· MY 
ſite to the Zenith, that is the Nadir. The My 
will be the plane of the Horizon, or ſome parall! Wai 
to it if you would repreſent more than an H 
miſphere; which may be better done in this Map 

LET then E (Fig. 45.) be taken on the plan WI; 
for Amſterdam, and having drawn the. periphen WY 
for the Horizon, divide it into four Quadrant, Way 
and each of thoſe into ninety. Degrees, BD bein 
the Meridian of the place, B the North point 
and D the South. The Diameter A C, the EA 

and Weſt Line, is the Prime vertical, A the Web 4 
and C the Eaſt, which is ninety. Degrees from hi 
place. And all the vertical Circles are repreſents © 
by. ſtrait Lines from the Center E to each poi, 
on the Horizon; but *tis better to omit ſome 4 
them; you may put a 25 in the Center, oe tf 4 

4 =: 
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P Raſer on it which will ſerve to draw the Ver- 
icals. 
: THE. N Aivide B D into one hundred AP b 
ty Degrees, as before; drawing from A to each 
Degree in the Semicircle BCD; the point in 
8 EB, which is fifty two Degrees on the Arc BC, 
bs the North-pole; which mark with the Letter 
5 P, and the point ED which repreſents fifty two 
Degrees (counting from C to D) will be the point 
By where: the Equator interſects the Meridian of Am- 
Is /:rdam, mark it with Q, and count from it to 
P the Degrees 1, 2, 3, &c. 
= AND likewiſe from Qro D, and from BroP, 
count 38, 39, 40, Sc. Then taking a point of 
equal Degrees from P, as 99 and 99, or 88 and 
88, Sc. making that Interval a Diameter, draw 
75 the Circle which will be a Circle of Latitude for 
each Degree; and the Tropics and polar Circles 
: . the Equator. 
T OR the Meridians; firſt draw a Circles thro? 
„P, C, which will be a Meridian ninety Degrees 
H ; from that of Amſterdam ; the Center of it is M, 
| Wn BD, drawn to the point N, the South-pole; 
== N being a Diameter, draw thro? M, FH pa- 
llel ro A C, extending it to K and L. And 
Nivide the Circle PH N F into three We and 
ty Degrees, and by the help of a Ruler, applied 
, and each Degree, divide the Line KFH L., 
iich will give ſo many points; thro' which and 
e two poles the Meridians are to be drawn. 
he Centers of theſe Arches are alſo in the Line 


ED LEE 5 Ywar a” 


— 7 


= 


I,, and are found as by the former Diviſion: of 
" ber che Meridians between A and E have their 


enters between M and I. 

HAvIN& thus deſcribed Circles 5 1 
d the Meridians, tis eaſy to mark down the places 
the Earth, whoſe Situation from Amſterdam is 
a ſeen, And the ſame Diviſion of EB, ſhould 
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The firſt Method of making particu bree 


made of the great Places, as Europe, Aſia, Africa, 


be on the Ruler, which being laid on E, the 
place ſhows their Diſtance in Degrees, and in 
what Point they lie. How this Map may be made 
by the Globe, we ſhall ſhow in the Are Method 


of making particular Maps. 


1 


VW E have ſaid enough to the Deſcriprion of 
univerſal Geographical Maps; we ſhall next ſhoy 
how particular Maps are to be made. Maps are 


America, or ſmall Places: if the former, the for. 
going Method for general Maps may be uſed; 
tho? different Methods are to be employed for ai + 
ferent places. Africa and America having the E. 
quator paſſing thro* them, are not eaſily draw We 
by the firſt Method, but properly by the ſecond; 
the Eye being placed i in the Plane of the Equator, x 
above the Meridian in the middle between ther 
Eaſt and Weſt Bounds. And therefore the Equ- 
tor is a ſtrait Line, and the Parallels, and the Mc 
ridians will be Arches of Circles; but the firſt and 
ſixth Method are beſt to draw Aſia and Europ: 
and the firſt Method is beſt as we ſaid to draw tir e 
Frigid Zones at the Poles. 2 
FIRST of all a ſtrait Line is to be drawn ff 
the Meridian of the Place over which the Eye ve: 
ſuppoſed to be; and to be divided into Degrees 
according to the Method before explained; wha 
will be degrees of Latitude: and they are to H 
marked 1, 2, 3, Sc. Then from the Tables th 
moſt ſoutherly and northerly places of the County 
are to be limited by two Parallels of Latitude 
and theſe are to be cut by perpendicular Mer | 
dians thro? which Parallels "of Tai Latitude Paſs, al 


Il F 2 


at right Angles ; and ſo each place is marked by 
it's Latitude and Longitude. 


| The ſecond | Method of drawing particular Maps. 


BUT Artificers uſe another Method in draw- 
ing ſmall, -or not very large Maps. Firſt there is 
a Line drawn a-croſs the Page, and at the lower 


and on it are taken equal Parts, according to the 
Degree of Longitude: the Country extends to 
then a Line is raiſed! perpendicular on it's middle, 
divided into as many Parts as the Degrees of La- 
titude from the North to the South Part: the big- 
neſs of thoſe Parts is known from the Proportion 


of the Degree in that Parallel they are in hath to 


the Degree on the Equator. And another Line, 


parallel to that at the bottom, is drawn at the 


top, divided into as many equal Parts, as the 
lower Line; and Perpendiculars are drawn from 
the Diviſions below, to thoſe. above, ſuppoſing, 
the Latitude of that above; and that below, not 
much different, or not much diſtant from the E- 
quator. e 1 4 
KS BUT if the Diſtance from the Equator be 
great, or the two Latitudes much different, the 
Parts above and below muſt not be equal. But they 
muſt be in proportion, as a Degree in the Parallel 
Above, is to one in the Parallel below; which Pro- 
portion may be known by the Table laid down 
n Chap. iv. And thus having the Meridians and 
Farallels, you may ſet down each place, as before. 


The third Method of deſcribing particular Maps.. 


IN repreſenting Provinces of ſmall Bounds, we 
k another Method for the moſt Part, which 
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end, for the Parallels of the place moſt ſoutherly ; 
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was explained before; for ſnewing the Situation of 
places, and their Diſtance more accurately. 
THE Method is this: There muſt be found 
by mathematical Inſtruments, the Angle of the 
Poſition of one place from another; which is to 


be transferred to Paper. For Example; Let there 


be five places of a Country to be laid down, ac- 
cording to their Situation and Diſtance, which we 
call A, B, C, D, E. (Fig. 46.) And let us chuſe 
one, as. A, from which the reſt, or moſt of 
them, -may be ſeen ; and withan Inſtrument obſerve 
how they lie from you, or from the Meridian in 
which you are. Then taking, on the Paper, a 
point as A, deſcribe a. Circle on it (which yet 
may be omitted if you have a Protractor) and 
take one Diameter of the Circle for the Meridian 
of A, as HA K; the other perpendicular to it, as 
H A K, will ſhow the Eaſt and Weſt Point ; F be- 
ing the North, and G the South. Suppoſe then 
that A looked from B thirty Degrees between 
South and Eaſt ; count ſo many Degrees on G, 
and draw a Line thro? the thirtieth Degree: this 
ſhows how B lies from A; and thus the Points the 
places D and E lie in are to be ſet down. Then 
going to one of the other places, whoſe Diſtance 
is known from A, with an Inftrument: obſerve 
the other three places C, D, E. This being done; 
Let there be drawn on the Paper a Scale of Miles, 
great or ſmall, as you would have your Map ; and 
on the Line between B and A, ſet down their Di- 
ſtance known; which will give the place B; and 
thro B draw another Meridian, parallel to the for- 
mer; and making a Circle about B, as about A, 
draw from it Lines ſhowing the Points that C, D, 
and E lie in; and where theſe Lines cut the Lines 
from A, will be the Places of C, D, E. And the 
places. 5 
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WE may, with the help of the terreſtrial Globe, 
repreſent Places remote from one another, and 
know their Situations and Diſtances: yea the whole 
Superficies of the Earth may be thus laid down; 
ſo that the given place, or any place, be in the mid- 
dle of the Map, as in the ſixth general Method; ſo 
that this Method may be brought in among thoſe 
for general Maps: but 'tis better not to extend the 
Map beyond an Hemiſphere. For Example; Let 
it be propoſed to ſet down all the Places about Am- 
ſterdam, in their due Situation and Diſtance. Firſt 
chuſe a point in the Middle, as A, (Fig. 46.) and 
deſcribe a Circle about it; and let F G be the Me- 
ridian Line, and H K the Eaſt and Weſt ; divide 
each Quadrant into ninety Degrees. | 
THEN, on the Globe, bring Amſterdam to the 
Meridian, and elevate the Pole for it's Latitude, 
fix the „ of Altitude at the Zenith, and 
bring it about to every Place you would have 
tet down; as to the Bounds of Spain, France, &c. 
and obſerve in each the Angle made by the Me- 
ridian, and the Quadrant, i. e. the Angle of Poſi- 
tion, with the Meridian of Amſterdam ; and alfa 
the Degrees on the (ny between Amſterdam 
and each place; then draw on your Paper Lines 
from A, according as their bearing is between the 
four Cardinal places (we ſhall ſhow afterwards how 
the Trouble of drawing Lines may be ſpared) ; 
on theſe Lines are to be fet down their Diſtances 
by the Quadrant from a Scale, large or ſmall, 
as you would have your Map; and you will thus 
have the ſeveral places | 
BUT if the Map is to be large, and the places 
at a great Diſtance, the Line may be divided by 
the Laws of — by ſuppoſing the _ 
"+ | SH, Ic 
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the Antipodes of Amſterdam z and for the Map, 

take the Plane of the Horizon for repre Op 
an Hemiſphere 3 but if a greater or leſſer Part 
of it, then we take a Plane for the Map, that 
ſhall be parallel to that of the Horizon, which is 
to be diſtant from it the farther, as what we would 
lay down is above an Hemiſphere. Draw then in 
another Paper a Circle, whoſe Center is M, and 
N O a Diameter, and PQ another, perpendicular; 
divide N Q into ninety Degrees, and take below 
Degrees in proportion to the exceſs of what 
you would repreſent above an Hemiſphere, and 
thro! R draw a Line to MO parallel to QM, 
and from O draw Lines to each Degree of the 
Quadrant N'Q or N QR, it a greater Portion 
than NQ; which will divide MQ or SR, into 
Parts which will be Degrees: then chuſe a Line 
of ſuch a Length as we would have to repreſent 
the furtheſt Diſtance from Amſterdam, which will 
be about half the Breadth of the Map; that Line 
is to be divided as MQ or SR, and mark the 
Parts 1, 2, 3, 4, Sc. from that, as a Scale, take 
the ſeveral Diſtances, and ſet them on the Lines 
that go to the places; and you have the Map 
finiſhed, But the Lines need not be drawn to the 
places; if you have a Scale, or Ruler, divided 
as MQ or SR; apply one end to A, and the 
Scale on the Ruler being brought to Points that T 
ſhow the Bearing of the places, you may ſet oft 
their Diſtance, counting from A, on the Ruler, L 


The 285 Method; for Sea- Charts. 


SE Fu Glarts are ſtrait lined, and have the Me. f 


ridians all parallel; otherwiſe chan was ſhown in Þ 


the laſt Part of the ſecond Method. 3 
THEM are two-fold; the Degrees on the Me- 


ridians being either Equal: £ or not; they are 1. f ; 


CHAT. 32. of Univerſal Geography. 761 
the ſame. way as in the fourth and fifth Method 
of general Maps, only they repreſent but little, and 
have more Sea- Compaſſes on them for findin g the 
Bearings. We ſhall ſhow their Uſe ee for 
filing. . The Degrees on the Meridians are nearly 
equal when a ſmall Part only is exhibited; as- 
the Mediterranean: and if the Latitude be great, 

or the North and South Parts of the Country 

far diſtant then they are > made * 807 
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Of the Diſtances of Places. 
PROPOSITION I. 


Eli 6 two Paints, or Places, on the Globe, to dray 
from the one to the other an Arc, which ſhall be the 
Part of a great Circle on that Globe. 


|. ONCETVE a right Line drawn from the 
UN one point to the other; and from both, two 
| Lines to the Center ; theſe three make a Triangle; 2 

| which, if extended, will cut the Superficies of tie 
1 Globe, and the Section will be the periphery ofa 
Ws great Circle ; and the Arch between the two places 
will be what is wanted. Or take with your Com- 
paſſes a Quadrant of a great Circle, and fixing one 
Foot at each place, deſcribe two Arches cutting 
one another; where they interſect will be the Cen- 
ter of a great Circle, that will paſs thro” the two 
points given. 


PROPOSITION II. 


— 1 
2 l 
„ P ( TTT 


The ſoortef Diſtance between two Places on the Super- 
fictes of the Earth, is only one Line, (excepting the 
Places of the Antipodes ) which is the Arch of a great 

« Circle, inter cepted between the two Places, 2 


nn 
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TH E ſhorteſt Diſtance between two places, is 
a ſtrait Line from the one point to the other; 
as appears by the Definition of Archimedes; and 
is calily deduced from other Definitions: and there- 
= fore the ſhorteſt Diſtance between two places on 
the Surface of the Earth, is a ſtrait Line con- 
ceived to be drawn from the one place to the other 3 
but the Superficies of the Earth, being a convex 
Curve, hence it is that the ſtrait Line, which is 
truly the ſhorteſt Diſtance of the two places, falls 

within the Cavity of that Superficiesz but we con- 

ſider only thoſe. Diſtances, which are on the Super- 
ficies z and therefore we added in the Propoſition... 
on the Super ficies of the Earth, Among the ſeve- 
ral Ways, the ſhorteſt of all is the Arch of a great 
Circle interpoſed between two points, drawn as 
ve ſhewed in the preceding Propoſition 3 and that 
this intercepted Arch is the ſhorteſt of all, appears 
from this geometrical Theorem. If the Arches of 
two unequal Peripberies be taken, whoſe Chords or 
Subtenſes are the ſame, the Arch of the greater Peri- 
SS 7bery, will be leſi than that of the leſſer - for all cir- 
= cular curve Lines, paſſing through two points, are 
parts of ſmaller Circles, excepting that Arch which 
18 Jon of a greater Circle; and that this Arch is 

leſs than other Curves not circular, (as ſolid Lines, 
or the Helix) of which infinite. Number may be 
ſuppoſed drawn on the Superficies of the Earth, is 
ſhown. by others: which Theorem belongs not to 
Geography, but Geometry ; which alſo ſhows, that 
only one Arch of a great Circle can be drawn from 
one place to another, | 


+ 4 ; 
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PROPOSITION In. 
e Diſtance of Places change not 


THE way of Babe from one Place to ano. 

| ther may indeed change, but the ſhorteſt Diſtance 

| : is always the ſame z except the Surface of the Earth 

| ſhould break aſunder : but by Places here, we un. 

| derftand immoveable Points. If indeed the Super. 

ficies between two Places riſes higher, the Diſtance 
18 greater z if it fall lower, *tis ſhorter, 


PROPOSITION TV. 


No Place i is diſtant IF b more than 700 tho. 
ſand ſeven hundred German mo z of whico fifteen 
make a Degree. 


| FOR the Earth's Superficies being ſpherical, 

there cannot come in between two Points, an Arch 
| greater than an hundred and eighty Degrees, which 
1 is a Semicircle. But an hundred and eighty 3 Fi 
| two thoufand ſeven hundred German Miles; | 
Degree being fifteen. 


PROPOSITION V. 


The Diſtance of the Antipodes, is Iwo thouſand ſeven | ö 
hundred German Ge or an ee and eighty | 2 
Degrees. 1 


1. T HE ſhorteſt Diſtance "hoc bY Antipodes Þ* 
is not one Line, but an infinite Number all equal]; 
tho* properly ſpeaking, they cannot be called the FF 
ſhorteſt Diſtances, but ſuch as there is no ſhorter. = 
2. THE circular Diſtances between the Anti- 
podes, are all Parts of greater Circles, and or of | 2 
| leſſer, 
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lefſer, (as thoſe between Places which are not dia- 
metrically oppoſite) and they are infinite. 

3. A great Circle paſſing thro* two Places paſſes 
alſo thro? the Antipodes of thoſe'two Places. 
; 4. THE Diſtances of a Place from two Places 
that are Antipodes to thoſe two Places, make 
one hundred and eighty Degrees; and the Diſtance 
from the one being known, the Diſtance from the 
other is alſo known. FOR „ 
5. THESE five Propoſitions are fo plain, that 
any one who conſiders them, will underſtand them. 


1 0PO SITION VI. 


A Place on the Surface of the Globe being given, to find 
= all thoſe Places that have the ſame Diſtance from it; 
but the Diſtance muſt not be more than two thouſand 

ſeven hundred German Miles. 58 


ELEVATE the Globe for the Latitude of 
the Place, bring it to the Meridian, fix the 
Quadrant of Altitude at the Zenith, count on 
it the Degrees of Diſtance, and mark with Chalk 
where they end; then turn the Index round, and 

the Chalk will go over all thoſe Places that are at 

the given Diſtance : or take with your Compaſſes 

the Degrees of Diſtance from the Equator, and 
fixing one Foot at the given Place, turn the 
other about, over all the ſame Places ſought ; and 
if the Diſtance be greater than ninety Degrees, 
aake it's Supplement to one hundred and eighty, 
and fixing one Foot at the Antipodes of the Place, 
revolve the other; And if you would uſe the Qua- 
grant, bring the Antipodes to the Zenith; and fix- 
ing the Quadrant there, turn it round: and where 
the Supplement of the Diſtance ends, you will have 
dhe Places ſought under it in a Circle, 


PIR 4 IL-2. 
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Whence it is that the Diſtance in Fournies is greater 


. peculiar flowing of the Seas. 6. The Winds. 


PROPOSITION vl. 


than the ſhorteſt, or geographical, Diſtance, 


1. FRO M Woods that lie between, and are 
impaſſable. 2. High Mountains, and deep Val. 
lies. 3. Bogs, Lakes, and in general the Water 
we meet with in travelling by Land. 4. In Sea 
Voyages there are Lands that run out into the Sea, 
and Iſlands that hinder a ſtrait Paſſage. 5. A 


A = „„ kw es. VL Q oZQn OMA FF Y 


„ 
« ft „ FA trod 


BU T ſome may aſk, are there not Land Jour. 
nies ſhorter than Geographical, or the ſhorteſt, 
Diſtance. To which I anſwer, tho* the Earth 
Figure is ſpherical, ſo far as can be diſcerned, 
yet in the firſt Book we ſhowed it was not Geo- 
metrically ſo altogether ; but raiſed and depreſſed 
unequally in feveral Places: and if there be two 
Places that are diſtant from the Earth's Center, 
eight hundred and ſixty Miles, and the Space be. 
tween them depreſſed, then the Land- Journey, 
ceteris paribus, will be ſhorter. than the Geogra -. 
W iſtance; as the Chord is leſſer than the 1 


PROPOSITION. Vill. 


To find «the Diftance of two Places on be Globe, « | 
enn ibe Maps made for particular Places, 


% - 
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BRING one of the Places to the Zenith, and“ 
fix the Quadrant there, and turn it till it come to 
the other; then count the Degrees between them, | : , 
and turn them to Miles, or take their Diſtance | 
with the Compaſſes, and fee how many Degrees i! | 
makes on the Equator 3 but if the Diſtance be 
1 5 _ Eueatcr | 2 
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ter than ninety Degrees, you muſt, as in Prop, 
i uke the 8 to one hundred and eigh- 
, or it's Diſtance from the Antipodes, by bring- 
ing their Place to the Zenith, and applying the 
Quadrant there; and that Diſtance in Degrees, 
taken from one hundred and eighty, gives the 
other Diſtance above ninety Degrees. 22 
T HIS Diſtance is not exactly found in univerſal 
Maps, but in particular Maps there uſes to be a 
scale of Miles added; and taking the Diſtance 
vith the Compaſſes, and applying it to that Scale 
vou have the Miles, or Leagues, contained in it. 


JJ Foe 1” Wo ers 


= BUT this Method will not hold if it be a 
Map of a large place; for no Map can be made 
chat will ſhow truly all Diſtances :-tho*. a Map 
may be made to ſhow the Diſtance of one place, 
from all other places, as we r in 2 Conſtru- 
4 e of FOR: W ef i 


PROPOSITION. IX. . 


; Having the Latitude and Lane of two Place 1 to 
1 find Rar * 2 


SS T HE Solation of this by the Globe is w—_ 
Por by an univerſal Planiſphere; but difficult, cho 
accurate, by ſpherical Trigonometry. 

ON the Globe thus: Take any Meridian at 
pleaſure; *tis better to take the Meridian of one 
pf the places if it be drawn; or, which is more 
Fommodious, take the firſt Meridian, and count 
rom it on the Equator the Difference of the Lon- 
Pitude of the places; and where that Number 
nds, muſt be ; wa under the braſs Meridian, 
End the Latitude of both places marked on their 
eridians; and taking the Diſtance of the two 
arks, with the Compaſſes, apply it to the Equa- 
or; and you have the Diltange in Degrees: if it be 


More 
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more than ninety, you muſt take a Thread well 
ftretched, and apply it. 

BECAUS E a Flaniſphere is fitter for uſe 
eſpecially to Sailors, that have frequent occaſion 
for this Problem, and love to uſe that Inſtrument, 
we ſhall here explain the Method. 

THERE are two Caſes in the Problem; 
either firſt, the Places have the ſame Longitude; 
or have one hundred and eighty Degrees of Dif- 
ference in Longitude; and then you need only 
turn the Difference of Latitude, or the Degrees 
of Diſtance on the Meridian to Miles: and if the 
one Latitude be North, the other South, you muſt 
add their Latitude; which is eaſily done by taking 
the Degrees berween the two Places, 

BUT if the Places are in different Meridian, 
and out of the Equator you muſt do otherwiſe. 

AND it will firſt be uſeful to ſhow the Caſe 


in which the Solution varies: and that will make it 


very eaſy; as will appear by Examples, in which 
Students ſhould exerciſe themſelves. 

1. IF the Places have the fame Longitude, and 
have Latitudes of the ſame Kind; then the Diffe- 
rence of Latitudes in Degrees may be turned to 
any other Meaſure. 

2. IF they have the ſame Longitude, and their 
Latitudes of different Kinds, the one North, the 
other South; then add the Latitudes, and ou have 
the Diſtance i in Degrees. | 

3. I F the Difference of Longitudes be one hun- 
dred and eighty Degrees, and they have different 
Latitudes, | take the Difference of Latitude, and 
ſubſtract it from one hundred and eighty Degrees; 
what remains will be the Diſtance in Degrees. 
4. IF che Difference of Longitude be one hun- 
dred and eighty Degrees, and they 


Latitude, and you have the Diſtance in Degrees. 


have the fame 
kind of Latitude z add the Complement of their 


S IF 
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5. IF both Places are in the Equator, then 
the Difference of Longitude. in Degrees is the 
Diſtance. | | | 
6. IF both Places have the ſame Latitude, and 
not more than twenty Degrees, and the Diffe- 
rence of Longitude be ſmall, enter with that Lati- 
tude the Table of the Parallels bigneſs, in Chap. iv, 
and take out the Quantity of one Degree in that 
Parallel ; then take the Difference of Longitude, 
and multiply it by the Miles in one Degree. 

7, IF both Latitude and Longitude differ, or 
if the Latitudes be the fame, but above twenty 
Degrees; and the Difference of Longitude great; 
which often occurs; we muſt not follow the for- 
mer ſhort Methods, but be at more Pains; and 
for this chiefly is the Problem propoſed. 

WE have given a Solution by the Globe; arid 


by the Planiſphere it may be done thus: Bring the 


Rule of the Planiſphere to the Latitude of the 
Place; then count the Difference of Longitudes in 


the Meridians, beginning at the other Part; and 


where the Meridian, that terminates that Number, 


cuts the Parallel of the other Latitude, place 
dere the end of the Index; then apply the Ruler 


to the Equator z and the Number of the Parallels 


: between the Pole, and the Index, is the Diſtance 
ſought in Degrees. 4 


THERE is another Method, invented by 


= Maurolicus, which ſhows the Diſtance in a pleaſant 
Manner, by drawing a Line in a Circle; from 
& which Method, that of folving it by Calculation 
proceeds. | „ i 24”, 
= ON the Center E (Fig. 48.) deſcribe a Circle, 
BE being one Semidiamater ; and Jet the Arc BA 
be taken equal to the Difference of Longitude 
5 if it be greater than one hundred and eighty, take 
it's Complement to three hundred and ſixty) and 
draw AE; then take A F towards B, equal to 


— 


4 


VOL. II. R the 
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the Latitude of the Place A, and from B the 
Arc BG, equal to the Latitude of B; and let 
GI, be made perpendicular to B E and FH, from 
F to AE, draw IH, and on I and H raiſe per. 
pendiculars I, L, equal to I G, and H K equal to 
HF (the ſame way if the Latitude be of the ſame 
kind, if not then I'L is to be drawn on the one 
Side of I H and HK on the other) then L K will 
be the Chord of the Diſtance ſought z and with 
the opening of the Compaſſes K L, take BX, and 
you have the Diſtance in Degrees. 

THIS Method is taken from the Solution af 
ſpherical Triangles ; but the doing of it by dray. Wa 
ing Lines doth not give the Diſtance exact enough; WM 
tho? *tis eaſy and pleaſant ; and no other Method 
by ſpherical Trigonometry can give it exact enough, WY 
You have the Complements of the two Latitude, 
and the Angle contained, which is the Difference Wh 
of Longitude, to find the oppoſite Side, which » 
the Diſtance ſought ; for which there are ſever 
Methods, but the moſt common, and what had! 
no regard to the variety of Caſes here, is this: © 

1. IF the Latitudes are of one kind, then | 
it be, As the Square of the Radius is to the Rec- 
angle of the Sines of the Complement of the Lu 
titudes, So is the verſed Sine of Difference of Lo 
gitudes (if greater than one hundred and eight, 
take their Complement to three hundred and ſixij 
to a certain fourth Number; then take the Diff 
rence of the Latitudes, and the Sine of it's Com 
plement; then the fourth Number, found befor; if 
compared with this Sine; and if they be equi 
then the Diſtance is ninety Degrees; if leſs, fu 
ſtrat it, and the Remainder will be the Sine 0 
an Arc, whoſe Complement is the Diſtance of tp 
Places; but if greater than the faid Sine, ſubſtrfY 
the one from the other, and the Remainder vwiF 

be the Sine of an Arc, which being added fy 
| 2 nine 
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ninety Degrees, gives the Diſtance ſought in De- 
reen 6:12 5 Ill: | 
1 . 2. IF the Latitudes be of different kinds, then ö 7 
take the Place of one of the Antipodes for the other 1 
Place, and find their Diſtances by the former Me- Will | 
thod; for the Latitude thereof will be the ſame, as 1 
the other; and there will ariſe a ſpherical Triangle, 1 
and two Sides given; and the Angle included will | 1 
be the Complement of the Difference of Longi- 1 
ES tude to one hundred and eighty Degrees: and 
ES having found the Diſtance between the one Place, 
and the Antipodes of the other; you have the 
Diſtance of the Places themſelves for it's Com- 
ylement of the former to one hundred and eighty, 
Is was faid in the preceding Propoſition, 
IN Places that are nearer the Equator than 
EWineteen Degrees, we may uſe another eaſy Me- 
EShod ; which tho' not demonſtrative, yet will give 
he Diſtance pretty nearly. We take the Square of 
Ihe Difference of Longitude, and the Square of the 
Difference of Latitude; and their Sum is the Square 
pf che Diſtance nearly. 
OR better thus, which will ſerve for great La- 
ades; find, by the Table before, the Miles in 
ee Parallel of the greateſt Latitude; then As the 
liles in a Degree on the Equator are to the Miles 
Pa Degree in that Parallel; So is the Difference 
Longitude in Miles to a fourth Number; the 
fte auare of which added to the Square of the Diffe- 
ce of Latitude in Miles, gives the Square of the 
iſtance. | 3 
THE Solution will be the eaſier if we uſe the 
garithms, and reſolve the oblique Triangle into 
9s right-angled Triangles 3 for then there will 
no need of Multiplication and Diviſion,  _. 
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PROPOSITION X. 


Having the Difference of Longitude of two Places, an 
lj the Point on which one lies from the other, to ju 
11 their Diſtance. _ #1 


| | THIS is no other than having two Sides of; 
| i ſpherical Triangle, and the Angle oppoſite to on: | 
1 Side, to find the third Side; or having the Com. 
plements of two Latitudes, and the Angle of Po. Wi 
tion, or it's Complement, to one hundred and 
eighty, to find the third Side. 2 
THE Solution of the Problem by the Globe ; WK 
thus: Suppoſe the firſt Meridian to be the Mer. 
dian of the Place, and mark the Latitude for tha 
Place; then elevate the Globe for the Latitude o MY 
the other Place, and fix the Quadrant to the Ze. 
nith and turn it *cill it come to the Point given a 
the Horizon; then turn the Globe till the Pu 
whoſe Latitude was marked come to the Quadran; 
then the Arc of the Quadrant between the Zenit 
and that Point is the Diſtance ſought : at the ſan: 
time you have the Difference of Longitude ont. 
Equator, or the Arc between the firſt, and H 
braſs Meridian. | : 
HOW this is to be done by the Planiſpher* 
and, by Calculation, with, or without, the Log? 
rithms, I leave to a Maſter ; left I ſhould fax 
great deal that would be of little uſe to many. 


AA RD . 


Having the Longitude of two Places, and the La | 
tude of one, and the Point in which the other Pi 
lies in from it, to find the Diſtance. 'Z 


W E have here again a ſpherical Triangle, wii 1 
Sides are the Complements of the two Latitud i 
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and the Diſtance of the Places in which we have 
one Side, the Complement of the Latitude of the 
one, and two Angles ; the one is the Difference 
of Longitude z and the other the Point made by 
the Meridian and the Diſtance, to find the Diſtance. 
The Solution by the Globe and the Planiſphere 
is eaſy, and by Logarithmical Calculation accu- 
rate enough; and even by common Calculation: 
we ſhall only uſe. the way by the Globe for the 
Reaſon before mentioned; though by the Plani- 
' KS ſphere tis caſter ; but that by the Globe gives the 
Triangle itſelt. . i 
= SUPPOSE the firſt Meridian to be that of 
the place whoſe. Latitude is not given; count the 
Difference of Longitude on the Equator, and mark 
the ending with Chalk, and bring it to the Meri- 
dian which will be the Meridian of the other place 
count on it the given Latitude; and elevate the 
Pole for that Latitude; the Globe being fixed, 
bring the Quadrant to the Zenith, and turn it till 
t come to the Point on the Horizon; the Place 
here the Quadrant cuts the firſt Meridian will be 
Ihe one place, and the Arc between the Zenith; 
ad that Point is the Diſtance ſought. And at the 
: — time you will ſee the Latitude of the other 
place. 955 | ; 


PROPOSITION XII 


aving tbe Diſtance of two Places in the ſame Meri- 
dian, and the Points in which a third lies from the 
cotber two, to find the Diſtance of the third from the 
FE other two. | * 


WE have here again a ſpherical Triangle, in 
Thich the three Sides are the three Diſtances of 
e Places, and one Side is given; the Diſtance 
the two in the ſame Meridian, and the two 
IR R 3 adjacent 


—— —⏑—2—.ñ——— 
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adjacent Angles, and the other two Sides are 
wanted. | „ 

OMITTING the Methods by Calculation, 
and by the Planiſphere (thoꝰ more accurate) we ſhall 
give that by the Globe; which exhibits the thing 
to the Eye. By oY 

TAKE the Diſtance of the two places in the 
braſs Meridian ; then elevate the Pole for the La. 
titude of the one, and fix the Quadrant at the Ze- 
nith, and bring it to the Point the third place lies in, 
and draw a Line along it with Chalk; then fix the 
Quadrant at the other place brought to the Zenith, 
and turn it *till it comes to the Point the third 
place lies in from the. ſecond place; and where 
it cuts the Arch by the Chalk, you have the third 
place, whoſe, Diſtance from the other two is eaſily 
meaſured. F 
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CHAP. XXXIV. 
Of the Senſible or Vifible Horizon, 


1 HE Senſible Horizon is a Periphery on the 

= Superficies of the Earth, which terminates 

the Sight all-round, or which terminates that Part 

of the Superficies 'viſible to the Eye, whilſt the 

| IS Speftator turns himſelf round; or from which Rays 

can come to the Eye, It's Semidiameter is an Arc 
of a great Circle on the Earth, between the Foot of 
the Spectator and the Periphery, which is therefore 
perpendicular to that Periphery. _ 


PROPOSITION 5 £5 


1 The Extenſion of FY Senſible Horizon is various, ac- 
= cording to the Height of the Eye; or as the Semi- 
diameter of the. Earth i is ſuppoſed to be. | 


Let MNP. (Ex 49.) be a great Circle on the 
Earth, T the Ces IP the Semidiameter, PO 
the Altitude of the Eye, and O the Eye; draw from 
0 the Tangents ON, OM; and let us conceive 
the Ray N O to be dati ound, and to deſcribe 
da Pei r on the Earth; which will be the Sen- 
ſible Horizon, whoſe Semidiameter i is PN, PM, 
for NO, MO, are the laſt Rays that can come to 
the Eye from the Earth; which we here ſuppoſe 
2 rl round. 
3 AND *tis plain if we take a greater or leſs Alti- 
tude PO, then PN will be a greater or leſſer 
R 4 Arc; 
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Arc; and if TP be more or fewer Miles, then 
PN will be ſo allo, | 
"THESE two ſeem to be the Cauſes why the 
Antients differ ſo much in their Opinions of the 
bigneſs of this Horizon. Macrobius makes the Se. 
midiameter of it one hundred and eighty Furlongs, 
or twenty two Miles and a half; and Eratoſtbene 
three hundred and fifty Furlongs, or forty four 
Miles; Albertus Magnus a thouſand Furlongs, or 
one hundred and twenty five Miles; Proclus two 
thouſand Furlongs, or two hundred and fifty 
Miles; a great many make it five hundred Fur. 
langs, or ſixty two Miles and a half: which Di. 
verſity proceeds alſo from the different Lengths of 
Furlongs, as appears from the following Propo- 
ſition. . 1 


PROPOSITION Il 


Having the Height of the E ye above the Ground, ani 
the Semidiameter of the Earth ; to find the Seni. 3 | 


diameter of the Senſible Horizon, 


=o 


Let PQ (Fig, 49.) be the, Man's Stature, O. 4 


touching the Earth, which terminates that Horizon 
therefore PN is it's Semidiameter, whoſe Length 
js wanted: P O being ſuppoſed five Foot, is addel Bl 


to the Semidiameter TP, which makes 10 


19598300 Feet; and in the Triangle N T O ve 1 
have TO and TN, and the Angle TN O ninet) ! 
Degrees; the Angle NT O is found thus, A: 


T G is to TN, So is the whole Sine to the Sine df f 


the Angle NOT; whoſe Complement is the 


Angle NT O, or Are NP, which may be turndÞ 
£0. Miles, | | ages - | 


. 9 

* "FX 

co RO 
ge ” : * ö 4 
7 

+ 
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COROLLARY... 


FROM hence we” may ſee, that if T P or 
po be taken of different Lengths,” there will 
come out different Degrees in the Are N FP. 


"PROPOSITION" III. 


Heving the Height o of the Eye on a Tower, 0 Moun- 
lain, to nd boty Jer th the Sight ehe on the Seas. 


Ler p 0 (Pig. 49.) be the Altitude t Tobe 
and work as before; for here che 77 of £ 
3 Man' is not conſiderable. * F 


PROPOSITION: 1. 
The greateſt Length that the Sight FTE” hh given; 


or the Semidiameter of the Senſible Haring 3 to find 
at what Height the E Ye ts * 9 2 


| OR, which is the fame. ching, having the 

= greateſt Diftance that the T. op of a Mountain can 
de ſeen at, to find the Altitude of the Mountain 
- IN the Triangle N TO (Fg. 49.) there is given 
n the Angle at N of ninety Degrees; and the Arc 
0 NP, which is the Meaſure NT O, and the Semi- 
bd diameter NT, to BY. les om which take T P, 
4 and you have P D. 
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PROPOSITION v. 


Having the Height of the. Eye, and the Height of 
Ship's Maſt, or a 7 ower, or he es to Bock 
their Diſtance. | | +, Us 


Let PO (Fig. 49.) be the Height of the Eye on 
the Maſt of a Ship, or Tower, Sc. and F S the 
Maſt of another Ship, then 8 O will be the fir 
Ray that comes to the Eye from the Top- Maſt, 
oe” Diſtance FP is wanted. Firſt from the Tri. 
angle NT O; having NT, and TO, and the 
Angle T NO, find the Angle NT O, and the 
Triangge NTS; having N:T, and TS; and the 

Angles T N S; find the Angle NT S; thus 
you have the whole Angle OTS, of which the 
Arc P Fi is the Meaſure. 


PROPOSITION vm, 


Having the Height of the Eye, and the Diftancei Þ ; 
_ which the Ship or Tower is firſt ſeen, to find the 2 1 
Altitude of the Tower or Ship. : 


IN the Triangle N or, (Fig. 49.) having K 11 
and TO, the Arc NP is found, which being taken? 
from the known Arc PF (the Diſtance being turn 
ed to Minutes of a Degree) leaves the Arc FN, or BY 
the Angle NIS. And in the Triangle N TS you 
wy NT, and the Angle N ninety Degrees; you? 

find the Hypotenuſe TS, from which take] d 
71 „and you have the * of the inte © 
SMP, Or, 1 
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PROPOSITION VII. 


The Refraction of Light in the Air increaſes the ap- 
parent Semidiameter of the Senſible Horizon. 


FOR the Refraction differs in different places, 
the Air being thicker, the nearer the Earth ; and 
therefore tho the Ray come from a Point further 
than N, (Fig. 49.) as from F, it cannot come 
ſtrait to the Eye, yet may be refracted ſo as to 
come in the Line NO, which touches the Earth. 


= 1T may not be improper here to obſerve, that 
= our learned Auther is, as it were, the Fountain 
from whence, moſt of our Geographical Writers 
have drawn very great Supplies ; ſome have bor- 
rowed and acknowledged the Advantages; others 
have ſtolen from him, and, in a different Dreſs and 
Dialect, have recommended it to the World for 
their own, It is certain that to borrow from an 
Author, and to improve upon that Auther, is 
not only juſtifiable, but has been the chief if not 
the only means by which the preſent Age has 
brought their Acquirements in Philoſophy, and 
Mathematics, to the pitch to which they are now 
arrived; therefore to do juſtice to Mr Gordon in 
his Grammar, and yet to improve Varenius ſo ag 
Ito make it the moſt excellent of it's Kind, the 
Fubliſher hath thought proper to add not only ſome 
THeorems which in themſelves are natural and de- 
Imonſtrable Truths, beyond the reach of Contra - 
ke diction, or even of Diſpute; but alſo ſome of the 
er, | ; moſt uſeful of Gordon's Paradores, with their So- 
utions, without which the Paradoxes are but of 

ittle uſe except to amuſe the Reader, and leave him 
Es much in the Dark as they found him. The 
Fbeorems follow immediately, and the Paradores 


Nit their Sulutions next after them. . 
3 N ; GEO. 


O 
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GEOGRAPHICAL THEOREMS. 


Theor. 1, The Latitude of any place is always 
equal to the Elevation of the Pole in the ſame 
place, and & contra. 6 
Theor, 2. The Elevation of the Equator in any 

Jace is always equal to the Complement of the 
Tt in the ſame place; and vice verſa. 

_ Theor, 3. Thoſe places lying under the Equi. 
noctial Line have nothing of Latitude, it being 
there that the Calculation of Latitude begins. 


— 14 Thpbeor. 4. Thoſe places lying exactly under the 

14 the two Poles have the greateſt Latitude, it being 

1 there that Calculation of Latitude doth end. 

UN, Theor, 5. Thoſe places lying exactly, under the 

— 14 | firſt Meridian have nothing of Longitude, it be. 

— 14 ing there that the Calculation of Longitude begins. 

| | . Theor. 6. Thofe F nap lying immediately adja- 
1 cent to the weſtern Side of the firſt Meridian have 

11 the greateſt Longitude, it being there that the Cal- 

| | i culation of Longitude doth ee. 

| |  _ Theor, 7. All places lying upon each Side of the 
[8 Equator, have the greater or leſſer Latitude, ac- 

| 4 cording, to their reſpective diſtance therefrom. 3 
1 _ Theor. 8. All places lying upon either Side of 
18 the Equator, and exactly under the ſame, have 
Io the greater or leſſer Longitude according to their 
4-H reſpective diſtance from the firſt Meridian, 
9 Tbeor. 9. That particular place of the Earth!“ 
110 lying exactly under the Interſection of the firſt 
1 Meridian and Equinoctial Line, hath neither Lon- ÞY 
148 gitude nor Latitude. e e ee e [3 
1 - Theor. 10. No place of the Earth is diſtant FR 0 
1 from another above 10800 Halian Miles allowing Þ 3 5 
TOR bo to one Degree in the Equato r. © - 
1 | | Theor. 11, No place of the Earth is diſtant from | ⁶ 
| it's proper Antipodes, diametrically taken, above 

Ty e CIO ee 7200 


7200 [talian Miles, ſtill allowing 60 to one De- 
gree inthe Equator. 

Theor, 12. The ſenſible Horizon of every place 
doth as often change as we happen to change the 
place itſelf. 

Theor, 13. The apparent Semidiameter of the 
ſenſible Horizon in moſt places doth frequently 
vary, according to the Refraction of the Sun- 
Beams, R | 

Theor. 14. All Countries upon the face of the 
whole Earth do equally enjoy the ſight of 'the 
Sun in Reſpe& of time, and are equally depri- 
ved thereof. | 

' Theor. 15, In all places of the Globe of the 
Earth, fave exactly under the Poles, the Days 
and Nights are of an equal Length, viz. 12 
Hours each, when the Sun cometh to the E- 


5 quinoctial Line. 


Theor, 16. In all places between the Equinoc- 
tial and the two Poles, the Days and Nights are 
never equal one to another, ſave only thoſe two 
times of the Year when the Sun entereth the Signs 
of Aries and Libra. 5 INT 

Theor, 17. The nearer any place is to the Line, 


| I the leſſer is the difference between the length of 


the Artificial Days and Nights in the faid place: 
and, on the contrary, the further removed the 
greater. | 
Theor. 18. In all places lying under the ſame 
Parallel of Latitude, the Days and Nights are of 
the ſame Extent, and that at all times of the 
Year. WE | 

Theor. x9. Three or more places being given 
on the Globe, that lie between the Equator 'and 
either of the Poles, and equidiſtant from one ano- 
ther, the extent of the longeſt Day in thoſe places 


doth not increaſe proportionably to the d iſtance 


of the places themſelves. 
Theor 


.- Theor. 20. Three or more places being given 
on the Globe, that lie between the Equator and 
the Poles, in which the length of the longeſt 
Day doth equally increaſe, the Diſtance between 
the Parallel of thoſe places 1s not equal to one 


another. 


Theor. 21. Three or more places being given 
one the Globe, whoſe Diſtance from the Equator 


to either Pole exceeds one another in Arithmerical 


Proportion; the Length of the longeſt Day in 
one doth not keep the ſame Analogy to that in 
the other, according to the Proportion of their 
Diſtance, | | 

Theor. 22, In all places of the Torrid Zone the 
Morning and Evening Twilight is leaſt : in the 
Frigid greateſt; and in the temperate *tis a Me- 
dium between the two. a 

Theor. 23. To all places lying between the Tro- 
pics, the Sun is duly vertical twice a Year; to 
thoſe under the Tropics once; but to them in the 
Temperate and Frigid never. 

Theor. 24. In all places of the two Frigid Zones, 
the Sun appeareth every Year without ſetting for a 
certain number of Days, and diſappeareth for the 
ſame Space of Time. And the nearer unto or 


the farther from the Pole theſe places are, the 


longer or ſhorter is his continued preſence. in, 
or abſence from, the ſame. | 
Theor. 25. In all places exactly under the Arc- 


tic and Antarctic Circles, the Sun at his greateſt 


Declination appeareth every Year, for one Day 
compleatly without ſetting, and intirely diſappeareth 
another, but daily riſeth and ſetteth in thoſe Parts 
at all other Times as elſewhere, 
Theor, 29. In all places between the Equator 
and North Pole, the longeſt Day and ſhorteft 


Night is always when the Sun hath the greateſt 


northern 


— 
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northern Declination, and the ſhorteſt Day and 
longeſt Night when he hath the greateſt Southern. 

Theor. 27. In all Places between the Equator and 
South Pole, the longeſt Day and ſhorteſt Nighe 
is always when the Sun hath the greateſt ſouthern 
Declination z and the ſhorteſt Day and longeſt 
Night, when the greateſt Northern, 

Theor, 28, In all places ſituated under the Equi- 
noctial Line, the Meridian Shadow of a Style per- 
pendicularly erected, doth caſt itſelf towards the 
North for one half of the Year, and towards the 
South during the other. 5 

Theor. 29. In all places lying under the Equi - 
noctial Line, there is no Meridian- Shadow on 
thoſe Days of the Year that the Sun doth enter the 
Signs of Aries and Libra, 

Theor. 30. The nearer that Places are unto, or 
the fartheſt removed from, the Equator, the ſhorter 
or longer accordingly is the Meridian-Shadow of 
a Style perpendiculary erected in ſuch Places. 

Theor, 31. The farther that Places are re- 
moved from the Equator, yet not ſurpaſſing 66 De- 
orees of Latitude, the greateſt is the Sun's Ampli- 
tude, or that Arc of the Horizon between the Points 
of due Eaſt and Weſt, and thoſe on which the Sun 
rifeth and ſetteth on the Days of the Summer and 
Winter Solſtice, | 

Theor, 32, In all places lying under the fame 
Semicircle of the Meridian, the Hours of both 
Day and Night are always the ſame in one as in 
the other. | 

Theor. 33. In all places both of the North and 
Southern Hemiſpheres, that lie under the- oppoſite 
Parallels of Latitude, the Seaſons of the Year are 
not the ſame in one, as in the other. 2 

Theor. 34. In all places ſituated in a parallel 
Sphere, the Circle of the Sun's Diurnal Motion 

runs 
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r ins always parallel, or very near it, to the reſpec- 
tive Horizon of ſuch places. 

Theor, 35. In all places ſituated in a right Sphere, 
the Circle of the Sun's Diurnal Motion is {till per- 
pendicular, or very near it, to the reſpective Hori. 
zon of ſuch place. 

Theor. 36. In all places ſituated in an Oblique 
Sphere, the Circle of the Sun's Diurnal Motion is 
always oblique unto, or cutteth, the Horizon of ſuch 
places at unequal Angles. 

Theor. 37. If the Difference of Longitude in 
two places be exactly 15 Degrees, the People re- 
fiding in the Eaſtmoſt of them, will reckon the 
time of Day ſooner by one Hour, than thoſe in 
the other. If the Difference be 3o Degrees, then 
they*ll reckon the Hours ſooner by two; if 45 De- 
grees, by three; and if 60, then by four, Cc. 

Theor. 38. If People - reſiding in two diſtinct 
places do differ exactly one Hour in reckoning 
their Time, it being only Noon to one, when One 
in the Afternoon to the other, the true Diftance 
between the reſpective Meridians of thoſe Places 


is exactly 15 Degrees upon the Equator : If they 


differ two Hours, the Diſtance is 3o Degrees; if 
three, *tis 45; and if four, *tis compleatly 
60, Se. 

Theor. 39. If any Ship ſet out from any Port, 
and ſteering Eaſtward dath entirely ſurround the 
Globe of the Earth, the People of the ſaid Ship in 
reckoning their time will gain one Day compleatly 
at their Return, or count one more than thoſe re- 
ſiding at the ſaid Port: If Weſtward, they'll loſe 
one, or reckon one leſs. ; 

Theor, 40. If two Ships ſet out from the ſame 
Port at the ſame time, and both ſurround the Globe 
of the Earth, one ſteering Eaſt and the other Weſt- 
ward, they'll differ from one another in reckoning 


their 


their time two Days compleatly at their Return, 
even ſuppoſe they happen to arrive on the ſame 
Day. It they ſurround the Earth twice, ſteering 
as aforeſaid, they'll differ four Days; if thrice, 
then ſix, &c. | 

Theor. 41. If ſeveral Ships ſet out from the 
ſame Port, either at the ſame or different time, 
do all ſurround the Globe of the Earth, ſome 
ſteering due South, others due North, and arrive 
again at the ſame Port, the reſpective People of 
thoſe different Ships at their Return will not differ 
from one another in reckoning their time, nor from 
thoſe who reſide at the ſaid Port. 


GEOGRAPHICAL PARADOXES, 
With their SOLUTIONS, 


Paradox 1. There are two remarkable places on 
the Globe of the Earth, in which there 1s only one 
Day and one Night throughout the whole Year, 

Solution. Thoſe two places are moſtly all that 
Space contained within the Polar Circles, as is evi- 
dent from Prop. 15. 

Paradox 2, There are alſo ſome places on the 
Globe of the Earth, in which there is only one 
{ Day and one Night at a certain time of the Year. 
Solution, Theſe two places are the Polar Circles, 
{ when the Sun is in the oppoſite Tropic, as appears 
from Prob, 15 and 16. 
| Paradox 3. There is a certain place of the Earth, 
| at which if two Men ſhould chance to meet, one 
{ would ſtand upright upon the Soles of the other's 
| Feet, and neither of them ſhould feel the other's 
| Hts and yet both ſhould retain their natural 
| Poſture, 


VOL. II. 8 Solution. 
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certain place of the Earth, and not in the Earth, 


of a conſiderable Southern Latitude, that hath both 


longing ; then the Difficulty will ſoon vaniſh, if we 
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Solution. This place 1s the Center of the Earth : 
This Paradox is rendered obſcure, by ſaying a 


Paradox 4. There is alſo a certain place of the 
Earth, where, a Fire being made, neither Flame 
nor Smoak would aſcend, but move circularly about 
the Fire. Moreover, if in that place one ſhould 
fix a ſmooth or plain Table without any Ledges 
whatſoever, and pour thereon a large Quantity of 
Water, not one - Drop thereof could run over the 
faid Table, but would raiſe itſelf up in a large 
Heap. ; 

Solution, This is likewiſe the Center of the Earth; 
but theſe two laſt Paradox may rather be termed 
Philoſophical than Geographical. 

Paradox 5. There is a certain place of the Globe, 


the greateſt and leaſt Degree of Longitude. 

Solution. Not only a certain place in Southern 
Latitude, but all places, ſituated under the firſt 
Meridian from Pole to Pole, have the greateſt and 
leaſt Degree of Longitude ; becauſe where the ut- 
moſt Extent of Longitude ends, it's leaſt Denomi- 
nation begins. 

Paradox 6. There are three remarkable place 
on the Globe, that differ both in Longitude and 
Latitude, and yet all lie under one and the fame 
Meridian. 

Solution, This is to be underſtood of the Artif 
cial Globe, and the brazen Meridian thereto be- 


ſuppoſe the firſt place to be ſituated 10 Degrees o 
Latitude, and 10 Degrees of Longitude, from any 
firſt Meridian, the ſecond place under the Nori 
Pole, and the third in 190 Degrees of Longitud: 
under the Tropic of Cancer: Then it will appear 
that all three places are under the fame brazen Me 
ridian of the Artificial Globe, and yet differ both u 

| Longitud 


Longitude and Latitude, for the firſt place will be 
in 10 Degrees Longitude and 10 of Latitude; the 
ſecond in o Longitude and go Degrees Latitude 
the third in 190 Degrees Longitude, and 239 3of 
Latitude. | 

Paradox 7. There are three remarkable places 
on the Continent of Europe, that lie under three 
different Meridians, and yet all agree in Longi- 
tude and Latitude. | 

Solution, *Tis ſuppoſed that this refers to the Dif- 
ference among Geographers in fixing their firſt Me- 
ridian. Thus ſome place it at Cape de Verd Iſlands, 
and others at Teneriffe, one of the Canary Iſlands, 
Now if you take three places in Europe to make it 
correſpond with the Paradox, in the ſame Lati- 
tude, at 10 Degrees diſtant from one another, and 
ſuppoling each place to be the firſt Meridian, they 
all agree in Latitude, and alſo in Longitude, and 


yet lie under three different Meridians in reſpect of 


the Globe. 

Paradox 8, There is a certain Iſland in the 
Agean Sea, upon which if two Children were 
brought forth at the ſame inſtant of Time, and 
living together for ſeveral Years, ſhould both ex- 
ſpire on the ſame Day and Hour, yet the Life of 
the one ſhould ſurpaſs the Life of the other by 
divers Months. : 
| Solution, This Paradox may be ſolved two 


ways: | 
1 5 one of the Children ſail directly Eaſt, 
and rhe other directly Weſt, when they encompaſs 
the Globe, which may be done in a Year, there 
will be two Days difference in their Ages; and in 
40 Years thus failing, the one will be 80 Days 
older than the other. 
2. Otherwiſe, if we ſuppoſe the one to live 
within the Artic Circle, where no Day exceeds 
24 Hours; and the other lives within either pa 
r 8 B | # 
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the Polar Circles, as under 739 20/, where the 


longing to Aſia, that lie under the ſame Meridian, 


South of Bohemia, on whoſe Top if an equinoctia 
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Day is three Months long, and then returns, and 
both die, the one will be three Months older than 
the other. 1 

Paradox 9. There are two obſervable places be. 


and of a ſmall Diſtance from one another, and 
yet the reſpective Inhabitants, in reckoning their 
Time, do differ an entire natural Day every 
Week. 2 5 

Solution. Not only in Aſia, but every where elſe, 
where Chriſtians and eus inhabit together, the lat- 
ter reckon their Sabbath one Day every Week 
ſooner than the former, 

Paradox 10. There is a particular place of the 
Earth, where the Winds, tho' frequently veering 
round the Compaſs, do always blow from the 
North. | 

Solution. At the South Pole. 

Paradox 11. There is a certain Hill in the 


3 75 PPP * 
3 5 3 BID 


Sun-Dial be duly ered, a Man that 1s Stone- 
blind may know the Hour of the Day by the ſame, 
Solution. If a Burning-Glaſs be the Nodus of: 


Dial, and ſo contrived, that the Focus may fall on *© 
an iron or braſs Plate or Ring, on which the F. * 
gures are deeply cut, a blind Man may feel wher WY < 
the Plate or Ring is heated by the Sun, and which i 
= 2 


Figure it is upon, or neareſt to. E 

Paradox 12, There are a conſiderable number 
of Places lying within the Torrid Zone; in any d 
which, if a certain Sun-Dial be duly erected, th 
Shadow will go back ſeveral Degrees upon ti 
fame at a certain time of the Year, and that twiq 
every Day for the Space of divers Weeks, yet 
ways derogating from that miraculous returnin 
of the Shadow upon the Dial of Abax in the Dai 
of King Hezekiah, © 

” | _ Solution 


<2 
74 


CR Ap. 34. of Univerſal Geography. 789 | 


Solution. This Paradox may be ſolved by ex- 
plaining the nature of concave, convex, and re- 
flecting Dials; but as one certain kind of Dial is 
mentioned, we may ſuppoſe a plain equinoctial 
Dial deſcribed on both Sides of an horizontal 
Plane with two Gnomons, and near the Tropic, 
when the Latitude and Declination are equal; 
before the Sun comes to the mathematical Hori- 


20on in the Morning, he will ſhine on the lower 


Side of the Plane, and the Shadow of the Gno- 
mon will run Weſtward; and preſently after 


fix O'Clock, as he ſhines on the upper Plane, the 


Shadow will run Eaſtward 'till Noon, and thence 
to ſix in the Evening, at which time the Shadow 
on the lower Plane will begin and run Eaſt ward 
till Sun: ſet. | 
Likewiſe it may be conſidered, that any where 
in the Torrid Zone, where the Latitude is leſs than 
the Sun's Declination, and both towards the ſame 
Pole, the Sun comes twice to the ſame Point of 
the Compaſs both Forenoon and Afternoon; and 
an equinoctial Dial placed horizontally, the Shadow 
of the Gnomon ſhall go back twice every Day. 
Paradox 13. There are divers places on the Con- 
tinent of Africa, and the Iſlands of Sumatra, where 
a certain kind of Sun-Dial being duly fixed, the 
Gnomon thereof will caſt no Shadow at all during 
ſeveral Seaſons of the Year, and yet the exact time 
of the Day may be known thereby. 
Solution. Horizontal Dials within the Tropics 
caſt no Shadows at 12 O'Clock twice every Lear; 
nor will any univerſal Ring-Dial ſhew the Hour in 
any Latitude, when the Sun is in either Equinox. 
Paradox 14. There is a certain Iſland in the 
vaſt Atlantic Ocean, which being deſcribed by a 
Ship at Sea, and bearing due Eaſt of the ſaid Ship, 
at 12 Leagues diſtant by Eſtimation, the trueſt 
i ne 
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Courſe for hitting the ſaid Iſland is to fail fix 
Leagues due Eaſt, and juſt as many due Weſt. 
Solution. If it be ſuppoſed, that the firſt Meri- 
dian from whence Longitude is reckoned both 
ways, paſſes in the Middle between the Ship and 
Iſland; then Regard is had to the Eaſt and Weſt 
Longitude and not to the Points of the Compals. 


Paradox 15. There is a remarkable Place on 


the Globe of the Earth of a very pure and wholſom 
Air to breathe 1n, yet of ſuch a ſtrange and deteſta- 
ble Quality, that *cis abſolutely impoſſible for two 
of the entireſt Friends that ever breathed to con- 
tinue in the ſame, in mutual Love and Friendſhip 
for the Space of two Minutes of Time. | 
Solution. *Tis certainly impoſſible for two Bodies 
of any kind to be in one and the ſame Place at the 
ſame Time. | 
Paradox 16. There is a certain noted Place in 
the vaſt Atlantic Ocean, where a briſk Levant 1s 
abſolutely the beſt Wind for a Ship that is to ſhape 
a due Eaſt Courſe, and yet ſhe ſhall ſtill go be- 
fore it. | 
Solution, This Paradox may be ſolved ſeveral 
ways: | =, 5 
1. If the Place be Eaſtward of the Levant, a 
Ship may be carried by an Eaſt Wind round the 
Globe to it, provided ſome Eaſt Point be fixed. 
2. Tis the Caſe in the Gulph of Florida, where 
there's a violent Current, as is well known to moſt 
Seamen that have been in the Weſt-Indies. 


Laſtly, An Eaſt Wind may be beſt to carry a 
Ship out of an Harbour, that is to fail or make an 
Faſtern Voyage, as in the Port of London, 2 
Weſtern Wind is beſt to bring ſuch Ships out of! 


the Thames, tho? bound to the Weſft-Tndies. 


Paradox 17. There are divers remarkable Places 1 
upon the Terraqueous Globe, whoſe ſenſible Hori- 
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zon is commonly fair and ſerene, and yet 'tis im- 
poſſible to diſtinguiſh properly in it any one of the 
intermediate Points of the Compaſs, nay, not ſo 
much as the two of the four Cardinal Points. 

Solution. This muſt be meant under either of 
the Poles. | Ss | 

Paradox 18. There is a certain Iſland in the 
Baltic Sea, to whoſe Inhabitants the Body of the 
Sun is clearly viſible in the Morning before he 
riſeth, and likewiſe in the Evening after he is ſet. 
Solution. There is no Difficulty in this Paradox 
to any one who is acquainted with the Nature of 
Refraction; but to ſuch who are not, if they pleaſe 
to put a Sixpence into a Veſſel of Water, and ſtand 
at ſuch a Diſtance that they can juſt ſee the Six- 
pence, or any other piece of bright Metal ; and 
when the Veſſel is empty they cannot fee the Metal 
at the ſame Diſtance : So the watry Vapours, near 
the Horizon, cauſes the Sun to appear to be higher 
than he really is. 
= Paradox 19. There is a certain Village in the 
= Kingdom of Naples ſituated in a very low Valley, 
and yet the Sun is nearer to the Inhabitants thereof 
every Noon by 3000 Miles and upwards, than when 
he either riſeth or ſetteth to thoſe of the ſaid Vil- 
lage, | 85 5 
EF Solution, When the Sun riſeth in the Horizon of 
any Place, be it Naples or any where elſe, he is 

the Space of the Earth's Semidiameter more diſtant 
from that Place than in his Meridian at Noon. 
Now there being but an inconſiderable Proportion 
between the Depth of the loweſt Valley in the 
World and the Semidiameter of the Earth, which 
is near 4000 Miles, it follows, that the Sun muſt 
be 3000 Miles and upward nearer at Noon than 
at his riſing, there being no Valley the tenth part 
of 1000 Miles deep. 


9 4 Paradox 
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Paradox 20. There is a certain Village in the 


South of Great Britain, to whoſe Inhabitants the 
Body of the Sun is leſs viſible about the Winter 
Solſtice than to thoſe who reſide on the Iſlands of 
Iceland. FP 
Solution. Tis very poſſible that there may be 
one or more Villages, not only in the South of 
England, and particularly in Suſſex, but in a more 
Southern Latitude, ſo ſituated on the North- ſide of a 
Hill whoſe Height may intercept the Sun ſeveral 
Days before and after the Winter Solſtice from the 
Inhabitants of that Village. | 
Paradox 21. There is a vaſt Country in Ethiopia 
Superior, to whoſe Inhabitants? the Body of the 
Moon doth always appear to be moſt enlightened 
when ſhe is leaſt enlightened, and to be the leaſt 
when moſt, | 
Solution. The Light that falls upon any Body 
being always in a reciprocal duplicate Ratio of the 
Diſtance from the luminous Body, it follows, that 
not only in Ethiopia, but in all Parts of the World, 
the Moon doth always appear to be moſt enlightened 
at the Full Moon when ſhe is leaſt enlightened, be- 
cauſe ſhe is then removed from the Sun farther than 
at New Moon, by the Diameter of the Moon's 
Orbit. 5 
Paradox 22. Thereis a certain Iſland, whereof 
mention is made by ſeveral of our lateſt Geogra- 
phers, whoſe Inhabitants cannot properly be reckon- 
ed either Male or Female, nor altogether Herma- 
phrodites ; yet ſuch is their peculiar Quality that 
they are ſeldom liable either ro Hunger or Thirſt, 
Cold or Heat, Joy or Sorrow, Hopes or Fears, or 
any ſuch of the common Attendants of human Life. 
Solution. Trees or Shrubs growing on an Iſland 
not inhabited by Animals or Puppets, may be called 
Inhabitants, either will anſwer this Paradox. 
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Paradox 23. There is a remarkable Place of the 
Earth, of a conſiderable Southern Latitude, from 
whoſe Meridian the Sun removeth not for ſeveral 
Days at a certain time of the Year. 

Solution. Under the South Pole, or within the 
Artic Circle, the Sun enlightens the Meridian by 
ſhining conſtantly upon it for 30 Days together. 

Paradox 24. There is a certain Place of the 
Earth, of a conſiderable Northern Latitude, where 
tho' the Days and Nights, even when ſhorteſt, 
do conſiſt of ſeveral Hours, yet in that Place *tis 
Mid-Day or Noon every Quarter of an Hour. 

Solution. Under the North Pole. 

Paradox 25, There are divers Places on the 
Globe of the Earth, where the Sun and Moon and 
all the Planets do actually riſe and ſet according to 
their various Motions, but never any of the fixed 
Stars. 

Solution. Under the Poles the Planets, by their 
Motions, get North or South Declination, conſe- 
quently riſe and ſet with relation to thoſe two 
Places: but the fixed Stars keeping an exact Diſ- 
_— from the Pole may be ſaid never to rife or 
et. 

Paradox 26. There is a remarkable Place on the 
Terraqueous Globe, where all the Planets, not- 
withſtanding their different Motions and various 
Aſpects, do always hear on one and the ſame Point 
of the Compals. 

Solution. Under either of the Poles of the World. 

Paradox 27, There is a certain noted Part of the 
Earth, where the Sun and Moon, tho? it be the 
very inſtant of Time the Moon is at full, yet they 
may both happen to riſe at the ſame inſtant of 
Time and upon the ſame Point of the Compaſs. 

Solution, Under the North Pole, the Sun and 
Full Moon, both decreaſing in South Declination 
and Latitude, will riſe in the equinoctial Points - 
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the ſame Moment, and under the North Pole there 
is no other Point of the Compaſs but South. 

Paradox 28. There is a certain Place on the 
Continent of Europe, where if ſeveral of the ableſt 
Aſtronomers the World now affords ſhould nice! 
obſerve the Celeſtial Bodies, and that at the ſame 
inſtant of Time, yet the Planetary Phaſes, and 
their various Aſpects, would be really different to 
each of them. 

Solution. Neither at the Center, or any part of 
the Earth, no one can obſerve all the Celeſtial 
Bodies at one and the ſame inſtant of Time, and 


conſequently will appear different, becauſe they are 


conſtantly in Motion. 
Paradox 29. There is a large and famous City 


on the Continent of Africa, many of whoſe Inha- 
bitants are born perfectly deaf, and others ſtone- 
blind, and continue ſo during their whole Lives; 
and ſuch is the amazing Faculty of thoſe Perſons 
that the Deaf are as capable to judge of Sounds as 
thoſe that hear, and the Blind of Colours as they 
who lee. 

Solation. The Blind and Deaf have Capacity to 
judge of Colours as they who ſee and hear, though 
they want the Senſes of Secing and Hearing. 

Paradox 30. There is a certain People in South 
America who are properly furniſhed with only one 
of the five Senſes, viz. that of Touching, and yet 

they can both hear and ſee, taſte and ſmell, and 
that as nicely as we Europeans who have all F ive. 

Solution, All the Senſes are properly by the 
Touch; in ſeeing, the Object touches the Re- 
tina; hearing, the Sound touches the Drum of the 


Ear; ſmelling, the Effluvia touch the Senſorium; 


taſting, the Palate, Cc. 
Paradox 31. There is a certain Country in South 


America, many of whoſe ſavage Inhabitants are 


ſuch unheard of Cannibals, that they not only feed 
upon 
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upon human Fleſh, but ſome of them do actually 
eat themſelves, and yet they commonly ſurvive 
that ſtrange Repalt. f 

Solution. The myſtery of this Paradox depends 
only on the Word themſelves; for if they don't 


eat their Meat themſelves no Body can cat for 
them ſo as to ſuſtain their Life. 


Paradox 32. There is a remarkable River on 
the Continent of Europe, over which there is a 
Bridge of ſuch a Breadth that above 3000 Men 
may paſs a long upon the fame a- breaſt; and that 
without crowding one another in the leaſt. 

Solution. There are ſeveral places in England, 
and other parts, where Rivers run a conſiderable 
Way under Ground; as the Guadiana in Spain, 
and the Mole in Surrey; the latter runs from Dark- 
ing to Leatberbead under Ground, being upwards 
of four meaſured Miles, are more than 7000 Yards 
which will allow near ſeven feet to each Man, in 
Breadth, to walk if there were 3000 Men to march 
a- breaſt. | | 

Paradox 33. There is a large and ſpacious Plain 
in a certain Country of Aſia, able to contain 6000 


Men drawn up in Battle Array, which number 


of Men being actually brought thither and there 
drawn up, it were abſolutely impoſſible for any 
more than any one ſingle Perſon to ſtand upright 
upon the ſaid Plain. | 

Solution, By the 13 E. 3 of Euclid, a Plain can 
touch a Sphere only in one Point called the Con- 
tact, and that Perſon only who ſtands on that 
Point with reſpect to the Center of the Sphere, 
can ſtand upright. 

Paradox 34. There is a certain European City 
whoſe Buildings being generally of firm Stone, 
are for the moſt Part of a prodigious Height, 
and exceeding ſtrong, and yet it is moſt certain, 
that the Walls of thoſe Buildings are not parallel 
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to one another, nor perpendicular to the Plain 
on which they are built. 
Solution. All Walls are endeavoured to be bulk 
rpendicular to the Tangent, and point to the 
Center of the Earth, where they, if continued, 
would meet in a Point, and conſequently are not 
Parallels, and but in one Point only can a Perpen- 
dicular be raiſed on an horizontal Plain, as is evi- 
dent from the Propoſition in the preceding Paradox. 

Paradox 35. There is a certain City in the Sou- 
thern part of China, whoſe Inhabitants both Male 
and Female do obſerve almoſt the ſame Poſture, 
and Gate in walking, as we Europeans, and yet 
they frequently appear to Strangers as if they walked 
on their Heads. 

Solution. In China and all other places wher 
the Inhabitants ſtand near the Sea, or any ſtandi 
Water that is clear, Strangers, or others ſtandin 
by them and looking on it, muſt ſee them a 
tho? their Heads were downward by the refracted W 
Viſion, 9 

Paradox 36. There are ten places of the Earth 1 
diſtant from one another 300 Miles and upwards, ; 
and yet none of them have either Longitude or 
Latitude. | 

Solution, Theſe ten places muſt be ſuppoſed to 
be in the Earth, and not upon it; for Longitude 

and Latitude are reckoned on the Surface of the 
Globe only; ſo the Axis of the Earth, or any 
other imaginary Line through it, being about 
7200 Miles, will not only anſwer the Paradox, 
but if it had been ſaid twenty four Places, it would 
have kept within the Poſſibility of the demand. 

Paradox 37. There are two diſtinct places of 
the Earth, lying under the ſame Meridian, whoſe 


Difference of Latitude is ſixty Degrees compleatly, 


and yet the true Diſtance between thoſe two places 


doth not really. * ſixty Halian Miles. 
Solution, 
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Solution, The two places are not meant on the 
Superficies of 'the Earth, as you may perceive 
by the Word of, and not upon; then the places 
will be ſo near the Center of the Earth, as two 
Lines ſuppoſed to come one from o Latitude, the 
other from 60 Latitude, and to meet in the 
Center, may approach within the Diſtance of 60 
Talian Miles. | | | 

Paradox 38. There are alſo two diſtin places 
of the Earth lying under the Equinoctial Line, 
whoſe Difference of Longitude is compleatly 
eighty ſix Degrees and a half; and yet the true 
Diſtance between thoſe two places 1s not full eighty 


ſix Italian Miles. | | | 
Solution, The two Places, as in the foregoing Pa- 


radoxes, mult be ſuppoſed to be within the Earth; 
and even at forty Miles Diſtance from it's Center, 
will ſufficiently anſwer the Paradox. 

Paradox 39. There are three diſtinct Places of 
the Earth, all differing both in Longitude and 
Latitude, and diſtant from one another 2000 Miles 


compleatly, and yet they all bear upon one, and 


the ſame Point of the Compaſs. 
Solution, All places differing both in Longitude 
and Latitude, at what Diſtance ſoever with Reſpect 
to the Poles, bear upon the ſame Point of the Com- 
paſs, or they may be in the fame ſpiral Rhomb. 
Paradox 40. There are three diſtinct places on 
the Continent of Europe, equidiſtant one from the 
other, they making a true equilateral Triangle, 
each of whoſe ſides doth conſiſt of a thouſand 
Miles; and yet there is a fourth place ſo ſituated in 
reſpect of the other three, that a Man may travel 
on foot from it to any of the other three in the 
Space of one artificial Day, at a certain Time of 
the Year, and that without the leaſt Hurry or Fa- 
tigue whatſoever. | 
r Solution, 


1 

—— — KK — 2 —U— — 1 

— — * — * * 

3 — — — r - 
bs > —_ — — at ln 
* — 2 — 

a — — ng 

tht 


— 
— 


— 


B 


1 
2 2 
— 2 
— — 


nm 
r CA DIM; 
— 
ts" — 
Cs 


1 

V 
: 

fi 
1 


798 The Comparative Part SO r. VI 

Solution. By an artificial Day is here meant from 
Sun riſing to Sun ſetting, and beyond the Tropics 
and nearer the Poles the Days are increaſed when 
the Sun comes on that ſide the Equator, from 
twenty four Hours to about a hundred Days long; 
ſo that there would not be a neceſſity of travelling 
above four Miles every twelve Hours; to com. 


1 pleat the Terms of the Paradox. 


Paradox 41. There are three diſtinct places on 
the Continent of Europe, lying under the ſame 
Meridian, and at ſuch a Diſtance that the Lati- 
tude of the third, ſurpaſſeth that of the ſecond, 
ſo many Degrees and Minutes exactly, as the ſe- 
cond ſurpaſſeth the firſt, and yet the true Diſtance 
of the firſt and third from the ſecond, or inter- 
mediate place, is not the ſame by a great many 
Miles. 5 | 

Solution, The Figure of the Earth being not ex- 
actly round, as is generally conceived, but what 
is termed by Geometricians an oblate Spheroid, 
which is the Shape of a Bowl, ſo that the Axis is 
ſhorter than the Diameter, conſequently will cauſe 
ſuch a Difference as expreſſed in the Paradox. 

Paradox 42. There are two diſtinct places on the 
Continent of Europe, fo ſituated in reſpect of one 
another, that tho? the firſt doth lie Eaſt from the ſe- 
cond, yet the ſecond is not Welt from the firſt. 

Solution. If the artificial Globe is placed in an 


_ oblique Poſition, then it will appear, tho* two 


places bear due Eaſt and Weſt from one another, 
yet meaſured by the Quadrant of Altitude, they 
will not anſwer to the true bearing as they are on 
the natural Globe. 

Paradox 43. There is a certain European Iſland, 
the Northermoſt Part whereof doth frequently al- 
ter both it's Longitude and Latitude. 

Solution, There are floating Iflands in ſeveral 
Parts of the World, and whenever they are _ 

om 
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from one Place to another, not only the northern, 
but every Part alters in Longitude and Latitude. 


Paradox 44. There is a certain place in the Iſland” 


of Great Britain, where the Stars are always viſible 
at any time of the Day it the Horizon be nor 
overcaſt. | 
Solution, In a deep Well or Coal-pit the ſurround- 
ing Light which the Atmoſphere ſpreads in the 
open Air, does not preſs on the Sight; ſo that if 
the Shaft of the Well or Pit be ſtrait, and there be 
Stars in or near the Zenith after ſtedfaſtly looking 
up a Minute or two, you'll diſcover them; hence 
ſeveral Aſtronomers have had Wells for that pur- 
ole. 
l Paradox 45. It may be clearly demonſtrated by 
the Terreſtrial Globe that it is not above twenty four 
Hours ſailing from the River of Thames in England, 
to the City of Meſſina in Sicily, at a certain time 
of the Year, provided there be a briſk North 
Wind, a light Frigate, and an Azimuth Compaſs. 
Solution. This 1s meant of the Artificial Globe, 
and Hour-Index. 
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CHAP, XXXV, 


Of the three Parts of the Art f Navigation; 
and firſt of the Structure of a Ship 


PROPOSSTION 1. 


The Art of Navigation teaches how a Ship may be 
commodiouſly and ſafely brought from one place to 
another, thro* the Sea, by the Help of the Wind. 


N D becauſe the Situation of one Place with 
4 another is conſidered in this Part; this Do- 
ctrine is juſtly brought in here in the Comparative, 
or Relative, Part of Geography. 

AND I think in this Art (that is ſo noble and 
uſeful to human Society) there are properly three 
Parts; 1. Of the Structure of a Ship; to which 
may be referred the Ship's Motion in the Water. 
2. Of the Burden to be carried in the Ship. 3. The 
governing of the Ship, which is called, in general, 
the Art of Navigation, by way of Excellency; 
and is the chief Part thereof; the other two belong- 
ing principally to Mechanics and Statics; where- 
as the directing of the Ship depends wholly upon 


Geography. 


PRO. 


PROPOSITION Il 


In building a Ship. theſe things are to be conſidered; 


1. THE Choice of the Wood or Matter that 
will laſt longeſt in the Sea; for which ſee Vitruvius, 
and other Authors: and here alſo is to be conſi- 
dered how the Wood is to be prepared, it's Den- 
ſity increaſed, and the uſeleſs Moiſture taken 
away by Fire; and alfo defend from Corruption 


by covering with Pitch, Cc. which Natural Phi- 


loſophy teaches. | | 
2. THAT ſuch a Figure be given to the 


© Ship which is fitteſt for Motion in the Sea, and re- 


quires the leaſt Force'to move it. To this belongs 


the different Shapes of the antient and modern 


Ships, wherein ſeveral things worthy to be known 


x may be produced from - Antiquity and modern 


Inventions and ſeveral things propoſed from Sta- 
tics and Phoronomics, concerning the Motion of 


Bodies of different Figures; eſpecially what the 
divine Archimedes hath left us of the Motion of 
Bodies in Water: but ſeeing few delight in ſuch 
things, and our Deſign is only to give a Compen- 
dium of general Geography, I thought fit to omit 
the Explication of. theſe things, and to enumerate 
EZ only the Heads and Parts of that Doctrine: which 
I ſhall alſo do in what follows. And if we ſhall un- 
derſtand that theſe things are acceptable to Youth, 
we ſhall add them in another Edition, fully ex- 
plained ; and other things likewiſe, to the preced- 
ing Chapters. | | | 


BUT to return; a good Shape is a great Mat- 


ter for moving eafily and ſwiftly in the Wa- 
ter; and for this chiefly are Ships commended, 
ſpecially in Sea-Fights: and there is a great 
Difference found among Ships in this particular 
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but this depends on Statics, and the Laws of Mo- 
tion, 

3. IN the Structure of a "Shin. it's Figure is 
to be ſuch as that it may be eaſily defended againſt 
Storms and Waves, that it may not be overſet; 
but of this more in the ſecond. Part, of the Ship's 
Burden. This alſo belongs to Statics, and the 
Motion of Fluids, as Air or Water. | 

4. THE bigneſs a Ship is to be conſidered ; 
where ſeveral things may be advanced by comparing 
Antiquity with the preſent Time. The Ship Alexar- 
drina, made by the Command of Hiero, King of 
Sicily, and ſent as a Preſent to Ptolemy, King of 
Egypt, Archimedes being the Builder, was thought 
to be twelve thouſand Tun; and Calkxenus writes, 
that Pbilopator's Ship was two hundred eighty Cu- 
bits long,. thirty eight broad, and forty eight 
high. The biggeſt ſhips at preſent are thoſe of the 
Spaniards and Portugueſe, which they call Carac,, 
which carry One thouſand and more Vebes, or 
Laſts, as the Germans call them; each being twelve 
Tun. The Dutch Ships do not carry above ſeven 
hundred Laſts (f). 

5, THEN E belongs chiefly to the Structur 
of a Ship, the Knowledge of the building of the 
Keel, the Rudder, the Ribs, the Stern, and 
Fore-part, the Maſts, the Sails, the Cables, the 
Anchors ; of which not only the Matter, Figure, 
and Conſiſtency, but alſo their Bulk and Weight ! 
18 to be conſidered. 1 


4 f ) Here ſeeras to be ſome Chap. xxxiv. Prop. 1. But the 
conſiderable Miſtake about the largeſt Ships of Burthen in Ey. 
Burden of Ships; for by Do/ia, land and Holland ſeldom exceed * 
or Tuns, the Author expreſs- ſix or ſeven hundred Tun. 8 
ly declares, that he means alſo Prop. 8. of the next Chap 
twenty hundred Weight. See ter. T 
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6. T O this alſo belongs the Knowledge of 
helping the Fractures, or other Faults of a SNPs 
by which too much Water is let in. 

FOR which purpoſe tis uſual in failing, to 
take a Ship-Carpenter along with them. 

AND ſo much for the firſt Part of Navigation 
viz, the Art of Ship-building ; which we have but 
briefly touched upon. 


2 - 
a * 20 * — 
q 5 


} * 
1 * 4 
i 1) 5 F 
x 12 3 
: $i + N 
4 
2 
$5 '1 7 
. 4 
141 { 
1 1 1 p 
14 
* 
4 4 
£34 ; 
15173 ; 
: of 
35 NY 
3 4 4 
þ ' 31 $ 
4 . 7 N 
* 
* * 
8 M 1 + 
WT £8 
N "> 
4 
4: N 
F © Y "3 
. 1 
1 e _ 
[og 4 38 
[4 7 £ 
: q 
| "1 p 
33 j! 
; IT ; 9 
N. ”*" k = 
1% : 
4 P 
* © [The & 8 
11 . Y 
19 1 
5 4 4} 
36 4 
1 1 
[ [7 — 
14 14 
N Ys ) 
ö | 
x 
: * 
+ 
FF 1 
; / l 
' * 1 
1 N 
} 14 
WH 2 
© | 41 
3 1 
s * 
19 is 
14E } , 
oh 
f 1 
11 
11 
10 
TH 17 
3 : . 
i, 7 
'Þ 4 * 
«Hf 4 * P 
| 1 
Wt" 
F 7 
4.3L 
1 187 
1 N. 
- * * - 
F 7 
5 1 
; : 
41 
7 11 
1 
— © [4 5 
1 v 
BN 4 : 
q ; 1 
'Ti : 
U 
2 . 
1 f þ 
[1 * 1. 
{ £ 
F 
U * 1 
1 * 
I j 
| * z 
4135 [4 
N 
: no 
43% LA 
; | 
- 
. [4 N 
— 19 
"13% BY 
* 3? 
131 . 
* x 
£ 3? - 
: 
5 [ 
+24 
KB 
+BY 
1mvt 
185K 
14 
1 
1 . 
4 
Ba 4 
* * 
"= 
77 1 
1 Ts © 
Ihe. 1 e 
Q 5 $4 
i on 2 
a" 4 1 
>; 4 "La 
[ 4 
_ * 
. [25 
1H j 
| & 
1 
: A. 
E Ef? 
9 wo 


#9: 


= To * 
1 2 
— — 


G — I 
n hn” * 
E * 
_ —— PR ” 4 4 * * 
— rr, . oo Te 
CS 9 . 933 - 
* a a 


T2 


804 "The Comparative Part 8E Cr. VI. 


A NEL 
Goon. = "Wn Nd 


LA 
hy 
* 
—— 3 J J 
5 


CHAP. EE 


Of a Ship's Burden ; ; which is the ſecond Part 


in Navigation. 


PROPOSITION I. 
The Burden of a Ship is expreſſed by Laſts or Tun. 


Ship's Tun is two thouſand Pound Weight, 
and a Laſt twelve Tun, or twenty tour 
thouſand Pound Weight. 


PROPOSITION Il. 


All Bodies, that are lighter than Water, appear it 
ſome Meaſure above the Water, floating on it; but 
if heavier, they ſink ; and if of equal Weight, tht 
keep any Place that is given in it. 


T O this belongs the Knowledge of the diffe- 
rent Weights of different Bodies, as Lead, Gold, 
Iron, Wheat, Sand, Oil, Wine, whole Weight 
may be compared with that of Water. 


COROLLARY. 


FROM this it appears, that the Weight d 
the Ship, and it's Burden, muſt be leſs than te 
Weight of as much Water, as is equal to the = 1 

Joy 


cn | wn, — * 


of 
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„ 
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lidity or Capacity of the whole 2 5K See Prop. 


vi. following. 
PROPOSITION. III. 


The nearer a Ship comes i 30 @ cubic Figure, that is of 


equal Length, Breadth, and Thickneſs, it will bear 
the greater Weight. 


TH E Demonſtration of this is derived from 
the Doctrine of Statics. 


PROPOSITION IV. 


Two things are to be regarded i in loading of 4 Ship; 

1. Not to load her ſo far as that the Burden, with 
the Ship's Weight, be equal to, or greater than, 
a Bulk of Water, equal to the Capacity of the 
Ship, or it's Solidity, tho it muſt not be much 
leſs, or elſe there muſt be Ballaſt added. 2. The 
Depth of the Waters thro* which the Ship is to 
ſail muſt be conſidered. 


FOR tho? the Weight of the Water will ad- 
mit the Weight of a Ship, and it's Burden, when 


it's Weight is leſs than the Water of an equal 


Bulk with the Ship; yet if the Water have a leſs 
Depth than the ny of the Ship, under the 
Superficies of the Water, the Ship will touch the 
Ground, and ſtop there, And therefore the Spa- 
mards put a greater Burden on their Ships than 
the Dutch, becauſe their Points and Shores are 


| | deeper; ani ſo bigger Whips can go to Zeeland 


than to Holland, 
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PROPOSITION V. 


if a Ship be ſo loaded that it's Weight be nearly equal 


to the Weight of the Sea Water, of an equal Bulk 
with roc Ship, it will not ſink; but when it comes 
to a River it will, Sk AIRS LED? 


THE Cauſe is, that River Water is lighter than 
Sea Water; if therefore the Weight of a load- 
ed Ship be nearly equal to the ſame Bulk of Sea 
Water, it will be greater than the ſame Quantity 
of River Water; and therefore the Ship ſinks, 
And thus have many Ships been ſunk, thro? the 
unſkillfulneſs of thoſe that loaded them; and by 
not being unloaded before vn By to the Ri- 
ver. What the Burden ſhould be, may be known 
from the Proportion of the Sea Water to River 


Water, as in Prop. 8. Et he Voie 
PROPOSITION VI. 
Any Body ſwimming in Water hath the ſame Weight 
as Water of an equal Bulk with the Part under 
RY CET COT 2 | 
HAVING the Quantity of the Ship under 


Water, you may find the Weight of the Ship, and 
it's Burden ; for the Weight of the Water is, or 


may eaſily be known. For example; Suppoſe « Þ 


cubical Foot of Water to be ſeventy Pounds, and 
if the Part of the Ship under Water be. two thou- 


ſand cubical Feet, then the Water equal to the Part x 
of the Ship under Water will be one hundred and 
forty thouſand Pound z and ſo much ſhould the | ö 


P RO. ; 


Weight of the Ship and Cargo be, 
_ 


I 


PA Pm PF. 
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PROPOSITION VII. 


If a Body be placed in Waters of different Weights, 

* the Part immerſed in the ligbter Water, bath that 
proportion to the Part immerſed in the heavier, 
that the Weight of the heavier Water bath to that 
of the lighter. | 


PROPOSITION VIII. 


4 Ship is generally "allowed to bear ſuch 4 Burden as 
is equal to the Weight of one half of the Bulk of 
Water, that the Ship can contain. 


SUPPOSE a Ship contain 500.000 Tun, 
each being 2000 Pound; that is, if it contain 
1.008.000,000 Pound, it will bear 250.000 Tun, or 
500.000,000 Pound. And thus we are to under- 
ſtand them, when they ſay, a Ship is of ſuch a 
Bur ( ( N GEARS. 

THE Spaniſh Caracs carry twelve hundred 
Laſts; but the largeſt Dutch Eaſt-India Ships not 
above eight hundred. 


PROPOSITION IX. 


The greater the Ship's Burden is, the leſs the Ship is 
toſſed by Storms : a Ship of two thouſand Tun can 


| Bear @ Storm hat will damage a Ship of three bun- 
Creed, or ſeven hundred Tun. 

a MORE might be added here of leſſening a 
„ Ship's Burden, and of the different Weight in the 
Stern, Fore-part, or Middle; and of railing a 
1 04 Ship that is ſunk, c. but being upon this Subject 


it may not be amiſs to ſubjoin the following Di- 
tections, how, by having the Dimenſions of a Ship 
"© ” TEES Siven 
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given, to find her Tunnage, or Burthen, and the 
general Rule amongſt the Ship-Wrights about Lon- 
don, is to multiply the Length by the Kee 
by the Breadth at the Mid- Ship's Beam, and that 
product by half the Breadth at the Beam, the laſt 
product, divided by 94, will give, in the e 
the Burthen of the Ship. a 


Krapmie, | 


SUPPOSE a Ship 72 Foat by the Keel, and 
24 Foot by the Beam; ; what is the T unnage or 
dn of the Ship. oh TOPS." 

— 


1 8 | "4 450 
it 1728 

Nl | Half the Breadth - fe vat How co; 
| Divided by — 94)20736( 22055 ie. 


56 


11 THE Ship O Burthen i: is 220 Tuns and more 
than one half. 
THERE is anteher Method of finding the 
#1 Tunnage, by having the Length by the Keel, the 
14 Breadth by the Beam, and the Depth in the Hold, 
1 given to find the Burthen; but as the Breadth at 
LY. the Beam in Ships of Burthen is nearly propor- 
| tionable to the Depth in the Hold, we ſhall at 
1 preſent content our ſelves with the Method above, 
1 as being the moſt expeditious and true, as well as 
1 t he mol ee Ach 


Ai 
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CAP. 37. of Univerſal Geography. Bog 
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CHAP. XXXVII. Thi! 


Of the third and chief Part of the Art of Na- 1 
 vigation, which confiſts in dl reeting 2 1 „ 
verning a Ship; and the Sub-aroifion of it 
into four Parts, Ws e ö 


PROPOSITION I. 


This Art confiſts in governing and direfling a Ship to f 
ſuch a Point (in whatever Part. of the Sea it ii) as 1. 
will bring it to the deſigned Port without Danger. 4 


. 6 s 
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HERE are four Parts therein; 1. Special 1 
L Geography, or the Knowledge of the Space = 
between the two Places, and of it's Properties. 
2, The Knowledge of the Points they lie in from 
one another, at any time. 3. The Knowledge of 
the Way thro? which the Ship is to be brought to 
the Place deſigned ; for there are between every BY 
two Places an infinite Number of Lines. 4. The 104 
Knowledge of the Situation of each Place come to; if 

and how it lies from the Place deſigned. 3 bf 
= THIS is the chief Art of guiding a Ship. ll 
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PROP OS ITION II. Lig 


The Knowledge of the intermediate Space comprehend; 
the following Particulars, 


1. A Knowledge of the Situation of Lands, 
and their running out into the Sea; the winding 
of Shores, of Promontories, Mountains, Bays, and 
Sand-Banks ; the depth of the Water of Streights, 
Iſlands, and the certain Marks of each Shore, or 
part of the Sea; and the Aſpect that Lands on the 
Shores have at ſuch and ſuch Places; and the de- 
preſſing or riſing of the Shore: which are found 
from ſpecial Geography, and Sea- Charts; but 
moſt eaſily by Practice in ſailing oft to ſuch 
Places; for which reaſon ſome are fitter to guide 


| 


x Ship to one Place than another. 

2. THE Knowledge of the general and ſpecial 
Winds, and the proper and ſtated Winds in a 
Place, which is chiefly neceſſary in failing in the 
Torrid Zone, and Places near it; for here the ge- 
neral Winds, and in many Places the anniver- 
ſary Winds, called Monſoons, prevail; and either 
hinder or forward the Voyage; for the Indian Sea 
is failed with ſuch Winds. We ſpoke largely here- 
of in Chap. 20. and of the ſtated Storms and Signs 

thereof: all which the Maſter of the Ship ſhould 
know; and we gave an Example of the Loſs ſuſtain- 
ed for want of Knowledge therein, in the ſame 
r neee 
3. T HE Knowledge of the Points that the Sea 
and Waves are carried to, and carry the Ship with 
them, which differ in many Places, as in Chap. xvii, 
eſpecially the Knowledge of the Flowing and Eb- 
bing of the Sea, is requiſite, and the time when 
lt 
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CHAT. 37. Univerſal Geography. 811 
it begins to riſe and fall every Day; for without 
this a Ship is in great danger near the Shores and 
Sand-Banks, molt 'of which hinder a Ship's Courſe 
at low Water, which they do not at high Water : 
and failing is alſo eaſier towards Land, at the 
Flowing, and more difficult at Ebbing. We 
touched upon the Ebbing and Flowing of the Sea 
in a Prop. of Chap. xiv. but in ſome Caſes a more 
accurate Knowledge is requiſite as to the true cauſe 
of the ebbing and flowing of the Sea; and the 
Knowledge of this being of fuch great uſe towards 
the forming a juſt Idea of the General Theory of 
the Tides, as to it's various Motions, and other 
Accidents and Circumſtances that attend it: I ſhall 
here ſubjoin 92.2904, Uh eee LI 


Of the General Motion of the Tides, and the true 
Cauſe of the Flowing and Ebbing of the Sea, 


' VARIOUS have been the Conjectures of dif- 
fererit Authors, with reſpect to the Tides, ſome of 


which are liable to Contradiction from the very firſt 


Principles of Aſtronomy as hinted in the Note (g), 
Prop. xii. Chap. xiv, ; nor can we in reaſon allow 
the Opinon that Des Cartes advances in Prop. xi, 
of the ſame Chapter; where he aſſigns the preſſure 
of the Moon's Orb upon the Water, or fluid part 
of this Terraqueous Globe, to be the Cauſe of the 
different Height of the Water, or as we call it high 
and low Water; for if we ſuppoſe this, theſe two 
abſurdities would follow; Firſt, If the Tide was 
governed by that principle of the Preſſure of the 
Moon's Orb, it would naturally incline to be low 
Water where the Moon is vertical, or indeed in 
any part of the Meridian, and high Water when 
the Moon is in the Horizon, or furtheſt diſtant 


from the Meridian, but the contrary. is evident, 


and it would naturally be high Water when the 
| | Moon 
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Moon is vertical; or any where in the Meridian 
and low Water, when horizontal, Sc. except (as it 
commonly happens near the Coaſt) that the interja- 
cent Land obſtruct or divert the natural Courſe of the 
Tide, and not only cauſe the high Water to happen 
at a time far different from that of the Moon's 
ſouthing, but cauſe the Flood to ſet upon a dift- 
ferent Point than to the weſtward ; though if the 
Tide did not meet with thoſe Impediments, and 
other Accidents, it would not be liable to- thoſe 
Mutations, or Alterations, either in point of Time 
or Motion. See Chap. xiv. Prop. vii. and Prop, 
xviii, Secondly, If the Fluctuation of the Tides be 
occaſioned by the Preſſure of the Moon's Orb; or, 
in other words, if her centrifugal Force, if it may 
be fo called, be ſuch, that the Extremity of her 
Orb be able to depreſs the Water, or fluid part of 
this terraqueous Globe, at ſo great a diſtance as the 
Earth is from the Moon; and if we allow that 
undeniable Maxim in Philoſophy, that the nearer 
the Cauſe the ſtronger the Effect; it would follow, 
that That Principle that could repel or depreſs 
the Waters at the diſtance of this Earth, would ſe- 

arate the Moon into an infinite number of Atoms; 
and the particles of Matter of which ſhe conſiſts, 
would be diffuſed and diſ-united by that very prin- 
ciple, the contrary of which (viz, centripetal Force, 
or a natural Tendency to her Center) keeps her 
together; but if we allow the Moon to act upon 
all Fluids that are within the Orb of her Attraction, 
or, which is the fame, her Gravitation towards her 
Center, and that this Influence extends to the Earth, 
ſo far as to act viſibly upon the fluid part of the 
Water, which common Experience proves, it will 
neceſſarily follow, that the Sea will have a na- 
tural, tho* weak, tendency towards the Moon, and 
that, as above afferted, it would be high Water 


where the Moon is vertical, or ſome where 1 Z 
than avis ee and”! 


— . . Atc00 AI was 


— 


terpoſed. 

let us a little trace the obſerved Motion of the 
Tides, and we ſhall find room enough to con- 
jecture, or rather be able to prove, that the true 
and natural Motion of the Tide is from Eaſt to 
Weſt; and that it would always be high Water 
when the Moon is upon the Meridian; if the Earth 
was all over covered with Water equally as deep 
as the Sea is in the deep parts of it; and that 
the Irregularity of the Tide is generally occaſioned 
by thoſe parts of the Earth that appear above the 
Surface of the Water, and intercept it's weſtern 
Motion; as for Inſtance, 

AS the Sea has no viſible Paſſage between Europe 
and Africa, let us ſuppoſe them both to be one main 
Continent extending from 72 North to 34 South, 
the middle between theſe two would be in Latitude 
19 Degrees north, near Cape Blanco upon the 
Weſt Coaſt of Africa; but it is impoſſible that the 
flood Tide ſhould ſet to the weſtward upon the Welt 
Coaſt of Africa becauſe the main Continent for 
above fifty Degrees North, and as much South, 
bounds that Sea on the Eaſt, and therefore if 
any regular Tide, as proceeding from the Motion 
of the Sea, from Eaſt to Weſt, ſhould reach this 
place, it muſt either come from the North Cape 
Southward, or from the Cape of Good Hope, or the 
South Cape of Africa, to the Northward, to 
the aſſigned Latitude upon the Weſt Coaſt of 
Africa. | 

THIS Opinion is further corroborated, or ra- 
ther fully confirmed, by common Experience, that 


AND for a further experimental Proof of this, 


; g the flood Tide ſets to the Southward along the 


Weſt Coaſt of Norway, from the North Cape 
to the Naze, or Entrance of the Baltic Sea, and 
lo proceeds to the Southward along the Eaſt gg? 
| O 
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of Great Britain, and in it's paſſage ſupplies al 
thoſe Ports with the Tide one after another, the 
Coaſt of Scotland having the Tide firſt, becauſe it 
proceeds from the Northward to the Southward ; and 
thus on the Days of the Full or Change, it is high 
Water at three Quarters paſt 12, but at Tinmouth. 
Bar, the ſame Day not till 3. From thence roll. 
ing to the Southward it makes high Water at the 
Spurn a little after 5, (but not till 6 at Hul, 
by reaſon of the time required for it's paſſage up 
the River) from thence paſſing over the Wells into 
Yarmouth Road, it makes high Water in Yarmouth 
| Road a little after 8, but in the Pier, not till g, 

and it requires near an Hour more to make high 

Water at Yarmouth Town; in the mean time {et- 

ting away to the Southward, it makes high Water 

at Harwich at half an Hour after 10, at the Nore at 

12; at Graveſend half an Hour paſt 1, and at 

| London at 3, all in the ſame Day; and although 
| this would ſeem to contradict that Hypotheſis, of 


the natural Motion of the Tide being from Eaſt 

to Weſt, yet as no Tide can flow Weſt from the 

main Continent of Norway, or Holland, or out of 

the Baltic, which is ſurrounded by the main Con- 
| tinent, except at it's Entrance, it is evident, that 
| the Tide we have now been tracing by it's ſe. 
veral Stages from Scotland to London, is ſupplied 
by the Tide whoſe original Motion is from Eaſt 
to Weſt; yet as Water always inclines to the level, 
it will in it's paſſage fall towards any other Point 
of the Compaſs, to fill up vacancies where it finds 
them, and yet not thereby contradict but rather 
confirm the firſt Hypotheſis, 

WHILE the Tide or high Water is thus 
gliding to the Southward along the Eaſt Coaſt of 
England, it alſo ſets to the Southward along the 
Weſt Coaſt of Scotland and Ireland; and com- 
ing about to the South part of Ireland, a MY 4 
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of it falls into St Georges Channel, the Flood 
running up North-Eaſt, as may be naturally in- 
ferred from it's being high Water at Waterford, 
above three Hours before it is high Water at Dublin, 
or thereabout on that Coaſt, and it is three quar- 
ters of an hour Ebb at Dublin before it is high Wa 
ter at the Iſle of Man, c. 5 CRY 
B UT not to proceed further in particulars than 
our own, or the Briti/þh Channel, we find the Tide 
ſets to the Southward from the Coaſt of Ireland, and 
in it's paſſage a Branch of it falls into the Britiſo 
Channel between the Lizard and Uſpant; it's 
ogreſs to the Southward may be caſfily proved, 
by it's being high Water on the Day of the Full 
or Change at Cape Clear after 4; and at the U/bhans 
about two Hours after, viz. at ſix, and at the Lizard 


after ſeven, the Lizard and the Uſant may pro- 


perly be called the Chaps of the. Britiþ Channel, 
between which the Flood ſets to the Eaſtward, 
along the Coaſt of England and France, till it 
comes to the Goodwin, or the Galloper, where 
it meets the Tide before mentioned, which ſets 
to the Southward, along the Coaſt of England, 
to the Thames, where it may not be amiſs to ob- 
ſerve that theſe two Tides meeting, contribute very 
much towards the ſending a powerful Tide up 
the Thames, to the City of London: and, by the 
bye, when the natural Courſe of the Tide 1s 
interrupted by a ſudden, Shift of the Wind; and 
between this Northern and Southern Tide, driving 


one back, and the other in, has been known to 


occaſion two high Waters in three or four Hours, 
which by thoſe who did not conſider this natural 
Cauſe was looked upon as a Prodigy. 3 
BU T now it may be objected, that this Courſe 
of the Flood Tide, Eaſt or Eaſt- North - Eaſt, up 
the Channel is quite contrary to the Hypotheſis 
Mazion. of the Tides being from 


Eaſt 


— — —— — 
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Eaſt to Weſt, and conſequently of it's being high 
Water where the Moon is vertical; or any where 
elſe in the Meridian. A HAS 7 eee e 

I anſwer; this particular direction of any Branch 
of the Tide doth not at all contradict the general 
Direction of the whole, a River whoſe Courſe i; 
Weſt may ſupply Canals which may wind North, 
South, or even Eaſt, and yet the River keep its 
natural Courſe; and if the River ebb and flow, 
the Canals ſupplied by it would do the fame, but 
not keep exact time with the River, becauſe it 
would be Flood and the River advanced to ſome 
height, before the Flood reach the further part 


of the Canals, and the more remote the longer 


time it would require; and I may add, that if it 
was high Water in the River, juſt when the Moon 
is upon the Meridian, ſhe would be far paſt it, 
before it could be high Water in the remoteſt 
part of thoſe Canals or Ditches, and the Flood 
would ſet according to the Courſe of thoſe Canals 
that received it, and could not ſet Weſt up a Canal 
of a different Poſition, and as St George's Chan- 
nel, the Britiſh Channel, Sc. is no more in Pro- 
portion to the vaſt Ocean, than theſe Canals are 
to a large Navigable River; it will evidently 
follow, that among thoſe Obſtructions, and Con- 
finements, the Flood may ſet upon any other Point 
of the Compaſs as well as Weſt, and may make 
high Water at any other time, as well as when 
the Moon is upon the Meridian, and yet no way 
contradict the general Theory of the Tide before 
aſſerted. | + | | 
FROM this Principle, as confirmed by the 
ſtrict Obſervation of Mariners, the following Tide- 
Table is formed, to ſhew, at all the places therein 
mentioned, how many Hours and Minutes the 
Moon has paſt the Meridian when it is high Wa- 
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the time of the Moon's Southing, the time of the 
Day, that High- water happens at the ſame place 
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1 nee ie H M. 36: 4th 

5 Buchaneſs —— ——— — 3 ofS W 

Bona Eſperance 3 olS.W. 
Breſt ——— ————— 458 W by W 
Baſs without —— — ———|3 4508 W by w 
Bridlington ——— ———] 458 W by w 
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H. M. | 
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I N thi Tide-Table, the firſt Column contains 
the Names of the Sea Ports; the ſecond is the 
Hour and Minute of High-water, or the Days of 
| the full and change at the Port, againſt which it 


1 ſtands, 
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ſtands, or the Hour and Minute to be added to the 
time of the Moon's ſouthing, to find the time of 
High- water at the ſaid Port. The third Column 
ſhews upon what point of the Compaſs the Moon 
makes full Sea, at the place againſt which it 
ſtands. 


EXAMPLE. 


I would know upon what Point of the Compaſ, 
the Moon is, and what is the Hour of the Day, 
when. it is High- water at London Bridge, on the 
Day of the full or change. 

LOOK for London 1 in the Tide- Table, a a. 
gainſt it you find in the ſecond Column, 3 Hours 
oo Minutes, and in the third Column S W; which 
ſhews that a South-Weſt Moon makes High-water 
at London Bridge, and that on the Days of the 
Full and Change it is High-water at London Bridge 
at 3 O'Clock. But for any other age of the Moon, 
add the Hour and Minute which ſtands againſt 
the Port, propoſed to the Hour and Minute of 
the Moon's ſouthing, their ſum (abating 12 if it 
exceeds) is the time of High-water next Morning, 
Sc. of which hereafter. 

Note. It is High -· water when the Moon is upon 
both the oppoſite Points of the Compaſs; as if a 
South-Weſt Moon makes High- water at Londin 
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Bridge, a North-Eaſt Moon will do the fame; i 


and if it is High-water at 3 in the Afternoon, it 
will be High-water at the fame place at ( near) g 
the next Morning alſo. 

BUT as finding the time of High-water de- 


pends upon the Moon's ſouthing; and that is 0 


be found by the Golden Number, and the Epad, 


follows. 


ir is neceflary firſt to know how to find them # i 
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1. To find the Golden Number. 


DIVIDE the Year of our Lord by 19, and 
the remainder with 1 added to it, - the Golden 


Number. 
Example. 1 deſire to know what | is the Golden 
Number = the 5 1734. 


* 734001 | 
24 
Remainder — — 5 
To which add — 2 


The Sum is the Golden Number —— — 6 
2. To find the Ehen. 


MULTIPLY the Golden 38 by 11, 

divide the Product by 30, the Remainder is the 
1 Or add 11 to the Epact of any one Lear 

it gives the Epact for the Lear following, eins 
away 30, if the Sum exceeds 30. 


Example. What is the Epact for the year 1733 


The Golden Number is — 5 
Multiply by — —— —— —— 11 
The Product is — —— —— —— 55 
From whence take — — —— ——— 30 
The Remainder uu 25 
The Epact for 1 is — 2 
To which 3 — —— — : 
"The Sum is — —— ——o—__ ren 36 
_ Caſt away, — — — — — — — 30 
Remains the Epact for 1734, viz. — 8 


Zo Te 
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3. To find the Moow's. Age. 


ADD the Epact, the Day of the Month, and 
the Number of the Month from March (account- 
ing March 1, April 2, &c.) altogether, the Sum 
(caſting away 30, if it exceed 30) 18 * Moon's 
Age. 

Example. How many Days old is the Moon 
June 16, 1733. 

1 Epa in 1733 is — — — 25 


June is the 4th from March — 4 
The 16th Day - 


The Sum —— —— ———— 45 
Caſt away —— — 30 


Remains the Moon's Age — 1 15 
. To fad what Day tb Moon Changes. 
| A DD the Epact, and the Number of Months 
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1 from March together, and ſubſtract the Sum from 
þ 30, but if the Sum amount to 30, or more, ſub- 
9 ſtract it from 60, the Remainder is the Day of 

ih the Moon's changing. | 
is Example. I defire to know what Day of June in 

i the Year 1733, the Moon will change. 


THE Number of the Month from March In- 
cluſive is 4, the Epact is 23; the two added to- 
gether make 29, which taken from 30 there re- 
mains 1, which ſhews that the Moon * 


Tune I, 1733. 
5. 2 71 fu 1 the 27 ime of 25 Moons Ruble 
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MULTIPLY the Moon's Age by 4, and 
divide the Product by 5, the Quotient is the Hour 
0 
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to which for every one that remains, add 12 
Minutes, it gives the time of the Moon's ſouthing. 

Example. I deſire to know what time the Moon 
ſouths, June 7, 1733. The Moon will be found 
by the Rule above, to be 6 Days old, on the 7th 
of June; multiply 6 by 4, it produces 24, which 
divided by 5 the Quotient is 4, and 4 remains, 
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| which ſhews that the Moon ſouths at 48 Minutes 
* after 4 o'Clock that Day. 5 * 
= BUT there is another Method for finding the 


Moon's ſouthing, which J have feen in a Book 
in Engliſh, The Author entitles it, How to know 
the time of the Moon's coming to South, only by a. 
fight of the Moon at any time of the Day or Night, 
and the Method being ſo eaſy in Practice, and fo 
mathematically true, as well as familiar to all 
Capacities z I thought it was not proper to omit 
it | 
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T HIS way of finding the Moon's ſouthing, is 
grounded upon this known and undeniable Truth, 
that the new Moon, or when ſhe is with the Sun, 
s ſouths at Noon; and conſequently the Moon when. 
nat the full, or oppoſite to the Sun, ſouths at Mid- 
» 7 night ; when ſhe is half full, or at what is called 
of the Quarters, ſhe ſouths at ſix o'Clock ;z in which 

we may obſerve, that when the Welt half of the 


in Moon is light, ſhe ſouths at fix in the Evening; 

and when the Eaſt half is light, ſhe ſouths at fix 
n- in the Morning, when the light part of the Moon 
ois ſeparated from the dark part by a ſtrait Line, or 
e- Diameter, drawn through her Center divides her 


T HIS being premifed, and there being, as a- 
bove obſerved, twelve Hours difference, between 
the time of her ſouthing at the Change, or new 
Moon, and that at the full Moon, the Author 
ſuppoſes the viſible Semi- Surface of the Moon to 
be divided into twelve parts, equal parts upon the 

e N globular 


s into two equal parts. 
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globular Surface of the Moon, but unequal as 
they appear at the Earth (nearly) like the orthogra- 
phic projection, and theſe Circles to be marked 1, 
2, 3, 4, Cc. to 12. (See Fig. A, Plate VIII.) 
reckoning from the Primitive on the Weſt ſide 

of the Moon, coming to 6 in the Diameter, or 
Line, which croſſes the Center of the Moon, and 
divides her in two equal parts, and ending at 12 
on the Eaſt part of the Primitive: This done when 
you ſee the Moon partly illuminated, compare 
her with the Figure, and conſider to which of the 
Circles, the light part may be imagined to extend, 
and the number or Figure upon that Circle, is the 
time of the Moon's ſouthing. 

Example. Suppoſe the ſhaded part of the Moon 
N 5 SW was enlightened, it ſhews that the Moon 
ſouths that Day at 5 O'Clock; and becauſe the 7 
light part is on the Weſt Side, the Moon ſouths 
at five in the Afternoon ; but if all that part of the 
Moon had been light, that is light in the Figure 

wiz. NES 5, the Number 5 upon the Arch, 
would ſhow that ſhe ſouths at five o'Clock, bur 
the light part being on the Eaſt Side, ſhews that 
ſhe ſouths at five in the Morning. | 


6. To find the Time of High-water. : | 
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TO the Hour and Minute of the Moon's ſouthing, 
add the Hour and Minute found in the Tide-Table 
againſt the Port propoſed, the Sum is the time of 

 High-water at the ſaid Port, but if it exceeds 12 
Hours, caſt away 12, and the Remainder is the- 
time of High-water next Morning. 

Euample. I deſire to know the time of High- wa- 
ter at London Bridge on the 7th of June 1733 above 
mentioned. | | . ee 
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H. M. 


The Moon ſouths that Day at — —— 4 48 
Time againſt London in the Tide Table 3 oo 


Sum is high Water at Londov Bridge 7 48 


THUS much 1 thought was neceſſary to be 


inſerted, not only as to the Theory of the Tides, 


and the original Cauſe of the flowing and ebbing of 
the Sea in general, but with reſpect to the actual 
Calculation of their Motions, and the determining 
the times of High-water at any Place propoſed in 
particular, which being done, and before I quit 


different parts of the World, it may not be amiſs 
to obſerve, that ſome whoſe over Curioſity have 
led them into extreams, and they allowing the 
abovementioned Hypotheſis of the Tide, to be 
agreeable to both Reaſon and Experience, as well 
as to the Principles of Philoſophy, would ſtrain 
it beyond it's bounds, and from ſome Principle of 
the ſame Nature, would account for the over flow- 
ing of the River Nile; but as that proceeds from & 
quite different Cauſe from that of the ebbing and 
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Of the Natural Cauſe of the over flowing of the Rive 
Wy Nile in Egypt. 21 


T O go ſo far back towards the original, as to 
give a Natural or Philoſophical Reaſon for the 
exceſſive Rains, at certain Seaſons of the Year, 
near or between the Tropics, would take up more 
time and room, than this "Treatiſe of General Geo- 
graphy will admit of z but Experience, grounded 
upon the moſt natural and philoſophical Reaſons, 
convinces us that there are almoſt perpetual Rains 
from April or May, till July or Auguſt, in places 
lying near or within the northern Tropic; and 
this being proved and allowed, it will not be diffi- 
cult to account for the Annual overflowing of the 
River Nile, which riſes in about fourteen or fifteen 
Degrees of North Latitude, or about nine Degrees 
to the Southward, of the Tropic of Cancer, and 
in it's Courſe to the Northward, it croſſes the 
ſaid Tropic before it comes to the Mediterranean, 
or Levant, which lies in above thirty Degrees of 
North Latitude, and as it is ſo large a River, and 
runs through the low Grounds of Egypt, it muſt 
be ſupplied by a great Confluence of Rivers, and 
receive all thoſe heavy Rains that fall in, or near 
it's paſſage, and having no way to diſgorge it 
ſelf till it empties it ſelf into the Levant, it is no 
more difficult to account for it's overflowing the 
low Lands of Egypt, in it's paſſage through it 
than it is to account for a Land flood, after a 
ſudden heavy Rain in England, or in any other 
place; this Conſideration makes the overflowing 
of the Nile, ſo far from being a Wonder, that it 
would be a much greater Wonder, and more diffi- 


cult or rather impoſſible to be accounted for, if : 
all theſe exceſſive and durable Rains that fall] 
in the Nile, and that from the adjacent 7 j 
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deſcend into it, could vent themſelves without 
ſome viſible va of being conveyed to the Sea, 
and the River Nile not be affected with it 3 bur 
ſeeing the vaſt confluence of Water, proceeding 
from thoſe exceſſive Rains, has no other vent but 
by the Nile, it will neceſſarily follow, that the 
Nile muſt overflow. it's. bounds at thoſe rainy Sea- 
ſons, and yet it's Inundation has no dependance 
upon the Moon, nor upon the natural Cauſes, . 
wn ahgned, lar the zegular flowing and ebbing 
Ot the Sea. | 5 | , 
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c H A P. XXXVIII. 


Of: the Bearing of Places, or "the Pat nts + they hi 
| min, from one another; 


PROPOSITION I. 


To know in each Place the four Cardinal Points, and 
the intermediate ones, 


— — W P—ITPY 


8 HIS is the moſt. neceſſary Problem in the 
whole Art of Navigation, for without it 
there is no directing a Ship; and the want of this 


very thing hindered the Antients from failing far. 5 
And herein is che chief Difference between the an- K 
tient and modern ſailing; for the Antients had no t 


certain Method to find the North and South Points 
at any time; and therefore durſt not truſt them- C 
ſelves into the wide Ocean; but only coaſted a- Ph 
long the Shores, that- they might by ſome Signs v 
know where they were. * 

THE Antients had two ways which are ſervice- 
able to the Moderns, for finding the North and 
South (or a meridian Line) from which the other 
Points are eaſily known; 1. By the Stars at Night, 
particularly the Little Bear, and the Star in it's 
Tail, called the Pole-Star ; which was much famed 
with Antiquity, and ſerved te ſhow them the 
North, and thereby all the other Points ; for turning 
their Face to it, the Faſt was on the right, and the 
Weſt on the left, and the South behind ; and they 


had a Circle with the Points on it, and bringing 
the 


I 


—_ __— - 
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the North and South Point, to the meridian Line, 
the other Points were ſeen at once. 8 . 
BUT by Day they uſed the Sun riſing or ſetting, 
as we ſhewed'in Chap. xxviii. e Bob 
2. ANOTHER Method they had was by 
knowing the Situation of the Shores, and of one 
Promontory from another; for when one Point was 
thus known, either from the Maps, or by Ob- 
ſervation and Experieence, they could in ſailing 
find the reſt; but then they could not go far from 
the Shores, which directed them as to the Points: 
for they could not at all times uſe the Sun and 
Stars for that end, 16 ee 

3. A third Method they uſed, was by obſerving 
the Points they had run in; for knowing how they 
firſt directed the Ship, and how much they turn- 
ed again, their Courſe from that Point, they 
knew the other Points. | : 

FROM whence the Reaſon appears of their 
imperfect and dangerous failing ; viz. their not 
knowing the Points in the wide Ocean, ſo as to 
tell how to ſteer. n | 

T HIS third Method by obſerving the Ship's 
Courſe, is of no uſe when the Ship is turned to 
1 great many Points by the raging Sea and 

aves. | 


SO far of their Method of finding the Meri- 


dian Line, which was ſo imperfect, that they durſt 


never truſt themſelves ia the vaſt Ocean, and fa 
never knew America. | | 
WE have now a plain and eaſy Method of 
finding the North and South: Points, and all the 
reſt from them, by the help of that wonderful 
Property which the Load-ſtone, and all Needles 
of Iron touched with it's Poles, or lying long near 
it, or even lying long in the Meridian Line, are 
found to have; which is, that they turn to the 
North and South, if not hindered; the Load-ftone 
"XX having 
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having two oppoſite Poles, of which the one turns 
always to the North, the other to the South, and 
the other Parts to the other Points; but the North 
and South Pole of it is only conſidered: and the 
ſame Property it communicates to a Rod of maſly 
Iron, or a ſmall Needle, but in a contrary way; 
for the end of the Needle drawn on the North Pole 
of the Load-ſtone, turns to the South; and that 
end which is applied or rubbed on the South Pole 
of the Load-ſtone, turns to the North, and is 
called the North Pole of the Needle : which won- 
derful Property of the Load-ſtone was unknown 
to the Antients, though, which 1s ſtrange, they 
were acquainted with it's other Property of dray- 
ing Iron to it. | k | 
THUS the North and South Points may be 
eaſily found by hanging the Load-ſtone, which is 
Carried to Sea with them, by a Thread, that it 
may turn itſelf eaſily to the North and South; but 
*tis better done by applying a Needle to the 


North Pole of the Load-ſtone : for recovering it's 


Virtue, and drilling a Cap in it's middle, and 


laying it on the Top of a ſharp braſs Pin, fo that 


it may move freely, it will, when it reſts, ſhoy 
the North and South, Le 


PROPOSITION II. 
To make the Sea Compaſs. 


DI v IDE a Circle drawn on a Chart into thirty . 


two Points, and chuſe one of them for the North, 
mark it with the Flower-de-Luce, and count the 6 
ther Points from it, which are to be marked on i: 

TH EN let the magnetic Needle be fixed under 
the Circle drawn on the Chart, fo as the midd: 
of the Needle may be under the Center, and tht 


North Pole on the Chart may be fixed to the my 
5 : 0 
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End of the Needle; then placing the Needle and 
Chart, fixed to it above, on the braſs Pin, that it 
may move freely, it will turn about, till the Needle 
lie in, or near, the Meridian Line. By the help of this 
Compaſs they can go thro* the vaſt Ocean to the 


| moſt remote Parts, being guided by the Direction 


of the Needle. We ſaid near the Meridian Line, 
for it doth not point exactly to it; for which ſee 
Prop. vi, following. 7 . 


PROPOSITION III. 


Infinite Points may be drawn on the Compaſi; Seamen 
count ſixteen in ſmall Voyages, and thirty two in 
greater, but ſixty four in the greateſt. | 


OF this we have ſpoke in Chap. xx. whence 


may be had an accurate Explication. The Por- 
tugueſe call the Points Rhombs. | 


PROPOSITION IV. 


The magnetic Needle (as alſo the Poles of the Load- 


fone itſelf) points direct North only in a few Places, 
but in moſt Places declines a little to the Eaſt or 
Weſt, and that unequally; and ſo doth not point 
due North and South, . 1 


; FOR at one of the Iſles of the Azores, or Flan- 
adrian Iſles, called el Corvo, there is no Declination 
from the Meridian, and the Needle lies exactly in 


it; and *tis ſo in ſome others, tho? not all Parts 
of that Meridian. In Places ſituated eaſtward from 
this INand to the Promontory of Africa, called 
Cabo das Agulbas (not far from the Cape of Good- 
Hope) the Needle declines eaſtward unequally; fo 
that to the Iſles of Triſtan de Cunha, and ſeventy 
Degrees further, the * increaſes ſo as pa 
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be about thirteen Degrees there; and from thence 
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it decreaſes all the way to Places near the Pro- 
montory of das Agulbas, in which chere is again 
no Declination. And from that Place towards In- 
dia the Declination begins to the weſtward. The 
Declination at Hamburgbh is nine Degrees, at An- 
fterdam' about five Degrees, tho* formerly it was 
R 92 | 1 | 
OBSERVATIONS teſtify, that the De- 
clination is not always the ſame, but changes in 
proceſs of time, At London in 1580 it was found 
io be eleven Degrees fifteen Minutes; but in the 
Year 1622 it was only fix Degrees thirteen Minutes; 
and in 1634 it was four Degrees ſix Minutes; Ob- 
ſervations being made, both with old and new 


Needles. At Paris in 1640 it was three Degrees, 


and in 1610 it was eight Degrees, and the ſame 1s 
obſerved in other Places. 

BEFORE the Variation of the Compaſs was 
obſerved to alter, or be different at the ſame place at 


different Times; it was ſuppoſed, by ſome, that 


the general Poſition of the Needle, towards the 
North and South, and yet not exactly to theſe 
points in all Places, or rather in but few places, 
was occaſioned by the Excavations of ſome parts 
this terraqueous Globe; or by magnetical Veins, col- 
laterally reſpecting the Needle, &c. But this Opinion 
was ſoon exploded, when the Variation of Variation 
was diſcovered ; for if the poſition of the Compals 
(whether directly North and South, or with ſome 
deviation from the Meridian, which is called the 
Variation) had been always the ſame in the ſame 
place, there would be room to believe that That 
8 of the Compaſs, was occaſioned by thoſe 
Excavations or Adamantine Rocks, c. but as we 


find the Variation alters, there muſt be ſome ather 


Reaſons aſſigned for the different Poſition or directi- 
on of the magnetical Needle. But as à Principk 
© t 
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to go upon, I ſhall rank ſome authentic Obſer- 
vations, of the Variation of the Compaſs in their 

roper Order, with the time when they were taken, 
and from thence prove. the probability of the Va- 
riation of the Compaſs (however irregular it may 
ſeem) being reducible to a regular Motion, 


es D. M. 
1580 At Limehouſe, London — - 11 17 
1622 At London — 6 1305 

1634 At London — — — 4 6 4 
1640 At Paris — — 32 
666 At London— — 0 347 
670 At Batterſey near London- 2 6 85 


1701 In the Channel - 7 30 


ND to this may be added, that at the writing 
here of Anno 1734, the Variation at London, is 
more than one Point weſterly. ey 
I have inſerted this Catalogue of Obſervations 
of the Variation of the Compaſs, to prove that 
the Variation alters, and not only ſo, but in a 
ſort of a regular Manner too, as having been above 
cleven Degrees eaſterly in the Year 1580, and 
then gradually decreaſing to ſix, four, three, G&c., 
and doubtleſs ſome time between the Year 1640, 
and the Year 1666 there was no Variaton; be- 
cauſe in 1666 the Variation was weſterly, increaf- 
ing to two, ſeven, and now above twelve Degrees; 
how far it may advance further that way, before 
it come at it's Period, Time only can determine; 
nor are we certain what was it's utmoſt limits 
eaſterly before the aforeſaid Year 1580, or when 
it was at thoſe limits; but certain it is that this re- 
| gular Motion of the Variation, as obſerved, corro- 

borates, or rather r that excellent TRY a 

N e 


— 


le) The learned Dr Halley 
having made a Collection of the 
exacteſt Obfervations he could 
procure, and carefully compar- 
ed and conſidered them toge- 
ther; thence dęduces the follow- 
ing Cancluſtons, concerning the 
Variation of the magnetical 
Needle. See Philgſ. Tranja@. 
No. 148. 

1. That in the Year 1683, 

the Variation was to the Weſt 
over all Europe; but more in 
the eaſtern Parts than the weſt- 
ern. 
2. That on the Coaſt pf A. 
merica, about Virginia, Neww- 
England, and New-found-land, 
the Variation 1s likewiſe weſter- 
7 and inereaſes all the way to 
t 


oſe that go northerly along 


the Coaſt: ſo as to amount to 
above twenty Degrees at Næau- 
Hund. land, nearly thirty in 
Hudſon's Streights, and fifty ſe- 
ven in Baſſin's Bay. But it di- 
miniſhes to thoſe that ſail eaft- 
ward from this Coaſt. And 
from theſe two Obſervations it 
feems to follow, that there ought 
to be an eaſterly Variation, or at 
leaſt not a weſterly one, ſome- 
ewhere betaween Europe and the 
North Part of America: and 
this we may conjecture happens 
about the moſt .cafterby ot'the 
Tercera Hands. ' © | 
3. That on the Coaſt of Bra- 
Al there is an eaſterly Variation 
which increaſes conſiderably in 
failing to the ſouthward; 15 as 
te be twelve Pegrees at Cape 
Frin and twenty and a half o- 
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of the celebrated Dr Halley as to 
Sc. hereunto ſubjoined (e). 


Brafil, properly ſo called, this 


magnetical Poles, 
P RO. 


ver againſt the Plate River: and 
from thence ſailing ſouthweſter. 
ly to the Streights of Magellan 
it decreaſes to ſeventeen De- 
grees; and at the Weſt Entrance 
of thoſe Streights 1t is but fpur- 
teen. 
4. That to the eaſtward of 


eaſterly Variation decreaſes, 
ſo as to be ſmall at the 
Iſlands of Sz: Helen, and A, 
cenſion; and to vanifh about 
eighteen Degrees of Longitude 
Weſt from the Cape of Good. 
Hape, where the Needle points 
due North and South. 

That to the eaſtward of 
the foreſaid Places, a weſtward 
Variation begins; which ob- 
tains in the whole Vdian 
Ocean; and amounts to eigh- 
teen Degrees under the very 
Equator; about the Meridian 
of the northern Part of Mada: 
gaſcar: and near the ſame Me. 
ridian in thirty nine Degrees of 
South Latitude it amounts to 
twen Jegrees and a 
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half. From thence eafterly the 
Weſt Variation decreaſes gra- 
Arn Ber as ſcarce to exceed 
eight Degrees at Cape Comorin, 
an not aboye 8 upon the 
Coaſt of Java; hut about the 
Malucca Iſlands there is no Va- 
riation at all. The Caſe is like: 
wiſe the ſame, a little to the 
weſtward of Fan Diemam BY © 
Land ; 


6. That to the eaſtward off 
the Molucca's and Van Diemar's 
Land, in South Latitude, ther 
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PROPOSITION v. 


7%. find the Declination of the Needle from the North 


in any Place, 


FIND a Meridian Line by the Heavens, as we 
ſhew'd by ſeveral ways in Chap. xx, and by that 


js found another eaſterly Varia- 
tion, tho? leſs than the former 
both in Extent and Degree: for 
at the Iſland of Rotterdam it is 
ſenfibly leſs than upon the Eaſt 
Coaſt of New Guinea. And to 
obſerve the Proportion wherein 
it decreaſes, we may reaſonably 
ſuſpect that it vaniſhes about 
twenty Degrees farther to the 


Eaſt, or about two hundred and 


twenty five Degrees Eaſt Lon- 

gitude from London, in twenty 

Degrees South Latitude; and 

— there a weſterly Variation 
ns, 

7. That the Variations ob- 
ſerved at Baldivia, and the 
Weſt Entrance of the Streights 
of Magellan, ſhew that the Eaſt 
Variation, explained in the 


third Obſervation, decreaſes a- 


pace, and cannot reaſonably ex- 
tend many Degrees into the 
South Sea, from the Coaſt of 
Peru and Chili; leaving room 
for a ſmall weſterly Variation, 
in that Tract of the unknown 
World, betwixt Chili and Neau 
Zeland, and betwixt Hound's 
Iſland and Peru. 

8, That in failing North- 
Weſt from St Helen's Iſland by 
ay as far as the Equators, 

Fall Variation continues 


may 


very ſmall, or as it were con- 
ſtantly the ſame. So that in 
this part of the World, the 
Tract of the Ocean where no 
Variation appears, is not extend- 
ed in the Plane of any Meri- 
dian, but rather North-Weſt. 
9. That in the Entrance of 
Hudſon's Streights, and the 
Mouth of the Plate River, tho* 
theſe are nearly under the ſame 


Meridian, yet in the one the 


Needle varies twenty nine De- 
grees and a half to the Wet ; 
and twenty and a half to the 
Eaſt in the other. — 
lainly appears the Impoſſibili 
40 accounting for theſe Variz 
tions, by the Suppoſition of 
two magnetical Poles, and an 
Axis inclined to the Axis of the 


Earth: from whence it ſhould 


follow, that under the ſame 
Meridian the Variation ſhould 

in all Places be the ſame way. 
In order toexplaintheſe Phæ- 

nomena, Dr Halley ſagaciouſl 
ſuppoſes the Globe of the Earth 
to be a great Magnet, having 
four magnetical Poles; two 
near the North, and as many 
near the South Pole of the 
Earth; and that the Needle is 
E 
WS, W irtue of the 
neareſt 
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ſhow it more readily. 


neareſt Pole predominates over 
that of the more remote. 

But many Particulars being 
required to determine the Places 
of theſe Poles with exactneſs: 
the DoQor determines them 
thus by conjefture. He places 
the North magnetic Pole near- 
eſt to us, in or near the Meri- 
ian of the Land's-End of Eng- 
End; and not above ſeven De- 
grees from the North Pole. By 
this Pole the Variations in all 
Europe, and Tartary, and the 
North Sea are principally go- 
vern'd; tho? it is ſomewhat af- 
fected by that other northern 
magnetic Pole, ſituated in a 
Meridian paſſing thro* the mid- 
dle of California, and about 
fiſteen Degrees from the North 
Pale of the World. To this 
the Needle has chiefly reſpect 
in all North America, and in 
the two Oceans, on either ſide 
thereof, from the Azores welt- 
ward, up to Japan, and be- 

nd. 
The two ſouthern magnetical 
Poles are ſomewhat farther di- 
Rant from the South Pole of 
the World ; the one, being a- 


bout ſixteen Degrees from it, is 


in a Meridian twenty Degrees 
to the weſtward of Magellan's 
Streights, or ninety five De- 
grees Weſt from Lond. This 
commands the Needle in all 
South America, in the Pacife, 
and the greateſt Part of the E 
thiopic Ocean. 


842 The Comparative Part Sc r. VI. 
may the Declination of the Needle readily appear ; 
but for Sea mens Uſe the following Propoſition will 


PRO. 


The fourth Pole ſeems to 
have the greateſt Virtue, and 
largeſt Dominion, being fur- 
theſt diſtant from the Pole of the 
World, viz. about twenty De- 
grees; in a Meridian paſſing 
thro” New Holland, and the 
Celebes, about one hundred and 
twenty Degrees from Zondbn. 
This Pole predominates in the 
South of Africa, in Arabia, and 
the Red-Sea; in Perſia, India, 
and its Iflands, and all over 
the Indian Ocean from the Cape 
of Good-Hope eaſtwards, to the 
middle of the great South Sea, 
that divides Afa from America. 

It remains to be ſhown how 
the Concluſions ſet down are 
deduced from this Hypotheſis. 
And that the whole may be 
the better underſtood ; either a 
Globe or Map ſhould be uſed, 
whereon the four magnetical 
Poles are to be placed in the 
Situations above deſcribed. 

And firſt, it is plain, that our 
European magnetical North 
Pole being in the Meridian of 
the Land's-End of England, all 
Places more eafterly than that, 
will have it on the Weſt Side 
of their Meridian, and conſe- 
quently the Needle reſpecting 
it, with it's northern Paint, 
will have a weſterly Variation; 
which will till increaſe in fail: 
ing eaſtwards up to ſome Me. 
ridian of Raſſa, where it will 
be greateſt; and from thence 
decreaſe again. Thus at Bref 


the Variation is but one De. 
gros 


PROPOSITION VI. 


To explain the Method which Seamen uſe for correcting 
their Sea-Compaſs ; and to find the Declination of 


the Needle, 


K NOWILIN G the Declination of the Needle 
in the Place where their Compaſs is made, they re- 


gree and three Quarters, at 
London four Degrees and a half; 
but at Dantzic ſeven Degrees 
Weſt. Weſtward of the Me- 
ridians of the Land's-End, the 
Needle ought to have an eaſter- 
ly Variation ; but that by ap- 
roaching the American North 
Pole (a kich lies on the Weſt 
Side of the Meridian, and ſeems 
to have a greater Force) it is 
thereby drawn to the weſtward ; 
ſo as to balance the Direction 
given by the European Pole, 
and make a ſmall Weſt Varia- 
tion in the Meridian of the 
Land's-End itſelf. Yet the Do- 
| tor ſuppoſes, that about the 
Meridian of the Iſle of Tercera, 
our neareſt Pole may ſo far pre- 
yailas to give the Needle a ſmall 
turn to the Eaſt, tho? it be but 


a little Space; the Counter-ba- 


lance of theſe two Poles per- 
mitting no conſiderable Varia- 
tion, in all the eaſtern Parts of 
the Atlantic Ocean, near upon 
the Welt Coaſts of England, 
and Treland, H rance, Spain, and 
Barbary, 
But to the weſtward of the 
Asxores, the Power of the A. 
merican Pole oyercoming that 
of the European, the Needle is 
chieny affected by that, and 


move 


turns ſtill more and more to- 
wards it, and as you approach 
it. Whence it happens, that on 
the Coaſt of Firginia, New-Eng- 
land, New-found-land, and in 
Hudjon'sStreights, the Variation 
15 weſtward ; that it decreaſes 
as you go from thence towards 


Europe; and that it is leſs in 


Virginia, and New-Enzland, 
than in Neww-found-land and 
Hudſon's Streights. 

This weſterly Variation a- 
gain decreaſes as you paſs over 


orth America ; and about the 


Meridian of the middle of Ca- 


lifornia the Needle again points 
due North; and from thence 
weſtward to Yedzo and F afar, 
doubtleſs the Variation is eaſter- 
ly ; and half croſs the Pacific 

not leſs than fifteen De- 
grees, And this is propoſed 
as a Trial of the Hypotheſis, 
that the whole may be exami- 
ed thereby. And this Eaſt Va- 
riation is ſuppoſed to extend o- 
ver Fapan, Yedzo, Eaſt Tarta- 
, and Part of China, till it 
meet with the weſterly, which 
is governed by the European 
North Pole. 

The Effect is much the ſame 
towards the ſouth Pole, only 
here the South Point of the 

Needle 
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move the Flower-de-Luce ſo many 
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Degrees from 


the North End of the Needle eaſtward, if the De- 


Needle is attracted. Hence it 
will follow that the Variation 
on the Coaſt of Braſil, at the 
River Plata, and ſo on to the 
Streights of Magellan, ſhould be 
eaſterly; if we ſuppoſe a Pole 
fituate about twenty rees 
more weſterly than the Streights 
of Magellan. And this eaſterly 
Variation extends eaſtward oyer 
the greateſt Part of the Ethio- 

c Sea, till it is counterpoiſed 
* the Virtue of the other 
fouthern Pole; as it is about the 
middle betwixt the Cape of 
Good-Hope, and the Iſles of Tri- 
fan d Acunha. 

From thence eaſtward the 
Hiatic South Pole prevailing, 
and the South Point of the 
Needle being attracted thereby, 
there ariſes a Weſt Variation 
very large, bath in Quantity 
and Extent; on account of the 
great Diſtance of this magne- 
tical Pole from the Pole of the 
World. Hence in all the Indian 
Ocean, as far as New-Holland, 
and beyond, there is conſtantly 
a Weſt Variation; ſo that un- 
der the Equator itſelf, it a- 
mounts to eighteen Degrees, 
where it is greateſt. About 
the Meridian of the Iſland Ce- 
Ebes, being likewiſe that of this 
Pole, the weſterly Variation 
ceaſes, and an eaſterly begins. 
which reaches according to the 
Hypotheſis, to the middle of 
the South Sea, between Neau- 
Zeland, and Chili; leaving 
room for a ſmall Weſt Varia- 
tion, governed by the Ameri- 


clination 


can South Pole, which, by the 
ſixth and ſeventh Obſervations, 
was ſhewed to be in the Pacific 
Ocean. 

Hitherto the Conſideration of 


the Variation has been ſimple: 


whilſt no more than two mag- 
netical Poles were regarded at 
once; but under the Equator, 
and thro' all the Torrid Zone, 
reſpe& muſt be had to all four 
Poles; and their Poſitions muſt 
be well conſidered; otherwiſe 
it will not be eaſy to determine 
what the Variations ſhould be: 
the neareſt Pole proving always 
the ſtrongeſt; yet not ſo but 
that it is ſometimes balanced 
by the united force of two more 
remote; a notable Inftance 
whereof we have in our eighth 
Obſervation; where we find 
that in ſailing from St Helens, 
by the Iſland of Aſcenſion, to 
the Equator, on a North-Weſt 
Courſe, the Variation is very 
little eaſterly, and in that whole 
Tract unalterable ; becauſe the 
South American Pole (which 
lies coniiderably neareſt to the 
foreſaid Places) requiring a 
great eaſterly Variation, is ba- 
lanced by the contrary Attra- 
tion of the North American and 
Afratic Pole; each whereof 
fingly, is in theſe Parts weaker 
than the American South Pale: 
and upon theNorth-Weſt Courſe 
the Diſtance from this latter is 
very little varied, And as you 
recede from the ric Pole, 
the Balance is ſtill preſerved 


by the towards the 
K * Nor 
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_ clination be to the Weſt, and contrariwiſe if to the 


Eaſt. 


North American Pole. And 
little or no regard need here 
be had to the European North 
Pole; it's Meridian being a lit- 
tle removed from the Meridians 
of theſe Places; and of itſelf re- 


quiring theſame Variations that 


we here find. And after the 
ſame manner we might reaſon 
upon the other Variations thro? 
the Torrid Zone. CY 
And thus by a ſimple Hy- 
potheſis Dr -Hal/ly has, with 
reat 1 and Probability 
olved the Phænomena of the 
Variation; tho' there ſtill re- 
mains a great Difficulty or two 
to be conſidered. For it is 
new and ſtrange to attribute 
more than two Poles to a Mag- 
net; whereas this ecken 
attributes four to the Earth. 
And again, the Variation is 
found different at different 


Times in the ſame Place; which ap 


can by no means proceed up- 
on the Suppoſition of a fixed 
unvaried Situation of the mag- 
netical Poles. The Doctor there- 
fore deterred by theſe Conſide- 
rations gave over his Thoughts 
upon the Subject for ſeveral 
Years, but at length renewed 
them ; and with an adventurous 
indeed, but probable Hypothe- 


ſis, happilly ſolved the Difficul- 


ties. For, by comparing t 
| ther the TY ven bob oo.; pf 
on the Variation of the Varia- 
tion he ſhewed firſt, that what- 
ever theſe Differences ariſe from 
it muſt move from Eaſt to Weſt. 
2. That this motion is not de- 


YET 


ſultory, but gardnal and con- 
tinued; becauie the Declina- 
tion of the Needle changes gra- 
dually and regularly. 3. That 
it muſt needs be ſomething great 
whoſe Force can produce one 
and the ſame concurrent Effect 
in ſuch very diſtant Regions of 
the Earth. 4. That as we know 
of no Fluids that have the leaſt 
magnetical Virtue, it is not pro- 
bable that this Variation ſhould 
proceed from the Motion of 
any Fluid lodged in the Cavities 
of the Earth. 5. That what- 
ever Body it was. it could on- 
ly move circularly round the 
Center of the Earth, without 
changing the Center of Gravity 
of the 'Terraqueous Globe, and 
thus occaſioning great Changes 
on it's Surface; ſuch as ſtrange 
Refluxes of the Sea, and Inun- 
dations of Land, of which there 
appears no Signs in Hiſtory. 
From all which it follows, that 
a certain large ſolid Body, con- 
tained within, and every way 
ſeparated from the Earth (as 
having it's own proper Mo- 
tion) and being included, like 
a Kernel in it's Shell, revolves 
circularly from Eaſt to Weſt, as 
the exterior Earth reyolves the 
contrary way in the diurnal 
Motion. Whence it is eaſy to 
explain the Suppoſition of the 
four magnetical Poles above at- 
tributed to the Earth, by allow- 
ing two to the nucleus, and 
two to the exterior Earth. And. 
as the two former perpetually 
alter their Situation by their 

N 
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IE I becauſe the Declination varies according 
to the Place they come to, the Chart muſt be 
made ſo as the Flower may turn leſs or more from 


the North End of the Needle, which muſt be done 


according as they find the Declination to be. | ; 

T O find which, moſt Seamen do thus: They : 
find in what Point the Sun riſes, or ſets, and tho' 
in the time between both, they have gone ſome 
way, yet the Declination. will not alter much in 


fo ſmall a Diſtance. 


IF the Eaſt and Weſt Line, or any Point found, l 
be the ſame with that, the Compaſs ſhows there is 
no Variation; but if it be a Point farther from, or 
nearer to, the North than that which the Compaſs 
ſhows, then there is ſome Variation to the Weſt, 
or Eaſt The Quantity of the Declination is thus 
known : Take the Differences between the North 


circular Motion, their Virtue 
compared with the exterior 


Poles, muſt be different at dif- 
ferent Tines; and conſequently 


the Variation of the Needle 
will perpetually change. 
The Doctor attributes to the 
Nucleus an European North 
Pole, and an American South 
one; on account of the Varia- 
tion of the Variations obſerved 
near theſe Places, as being much 
ter than thoſe found near 
the two other Poles. And he 
conjectures that theſe Poles will 
finiſh their Revolution in about 
ſeven hundred Years; and after 
that time the ſame Situation 
the Poles obtain again as at pre- 
ſent; and conſequently that the 
Variations will be the ſame a- 
again over all the Globe. So 
that it requires ſeveral Ages 
before this Theory can be 
thoroughly adjuſted. 


the Nucleus; that the diurnal 


He aſſigns this probable Cauſe WW ( 
of the circular Revolution of . C 


Motion being impreſſed from 
without, was not ſo exactly 
communicated to the internal 
Parts, as to give them the ſame 
preciſe Velocity of Rotation as 
the external: Whence the Nu- 
cleus being left behind by the 
exterior Earth, ſeems to move 
ſlowly in a contrary Direction; 
or from Eaſt to Weſt, with re- 
gard to the external Earth, con- 
ſidered as at Reſt in reſpect of 
the other. | 
And to remove the Prejudice 
that may ariſe againſt this Hy- 
potheſis, on account of it's No- 
velty and ſtrangeneſs, and to 
anſwer the Objections that may 
be made to it; the Doctor ar- 
you and defends the whole 
with great Sagacity and Pro- 
bability. 5 
8 Point 
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Point by the Compaſs, and the Eaſt and Weſt by 
the Sun, and ſubſtract the leſſer from the greater 
half the Remainder is the Declination ſought ; and 
ſo far tlie Flower-de-Dure is to be fend vel from 
the North end of the Needle. 

IJ HIS Method hath two Difadvantates 3 8 
The Sun ſeems to riſe when it is thirty four Mi- 
nutes under the Horizon; which will cauſe ſome 
Error in the Declination : and tho? near the Equa- 
tor *tis but ſmall, yet in Places remote it will ariſe 
to two Degrees. 2. The Sun is often covered 
with Clouds when riſing, and always amen a in the 
Torrid Zone, 

THEREFORE Seatrien Selle ts aſe ant 
| ther Method, that is not ſo liable to Error. They 

obſerve the Point the Sun is in by the Compats 
| any time after it's riſing, and then take the Alt- 
tude of the Sun; and in the afternoon they obſerve 
when the Sun comes to the ſame Altitude, and ob- 
ſerve the Point the Sun is then in by the Compals, 
for the middle between theſe two is the true North 
or South point of the Compaſs; and the difference 
between that and the North or South upon the 
Card which is pointed out by the Needle, is the 
Variation of the Compaſs, and ſhews how much 
the North and South given by the Compaſs, de- 


viates from the true 2287 an South points of 


the TY 
EXAMPLE. 


# SUPPOSE in the forenoon Obſervation, 
when I take the Sun's Altitude, I find the Sun, 
by my Azimuth Compals, to bear South-Eaſt ; 

then waiting till the Sun in the afternoon declines 
to the ſame Altitude, as in the forenoon Obſerva- 
tion, I find by the Azimuth Compaſs that he bears 
Weſt-South-Weſt, the middle Point between 1 
2 | 
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( 

Eaſt and Weſt-South-Weſt, if reckoned to the 4 
ſouthward, is South by Weſt, or if to the { 
northward, it is North by Eaſt, which proves | 
fil 

Ve 


that the South by Weſt point of the Compaſs, is 
the true South, and the North by Eaſt Point, is 
the true North, and as the Flower. d. Luce, or 
North point of the Compaſs, lies one point to the 
weſtward of the North by Eaſt point of the Com- 14 
paſs, which points to the true North, it proves 5 
that the Variation is one Point weſterly, or that 
the Flower- de- Luce lies one point to the weſtward 
of the true North, Cc. N 
THEY ſometimes uſe a fourth Method. They 
that are ſkilled in ſpherical Trigonometry, or can ; 
uſe an univerſal Planiſphere, by taking only one of 1 
Obſervation of the Sun's Altitude, by which, N De 
with the Latitude of the Place, and the Sun's De- the 
clination, thoſe that underſtand ſpherical TIigo- 
nometry may find the Sun's true Azimuth, or 
point of the Compaſs that he bears upon, in the 
Heavens, which compared with the point that the 
Sun bears upon by the Compaſs, their difference 
is the Variation; as for Inſtance, if the Sun's Azi- 
muth found by Calculation be 45 Degrees, or 4 
Points, from the North weſterly, which to ſpeak 
in the Terms of Navigation is North-Weſt, but 
it by the Compaſs, the Sun bears at the ſame time 
North-Weſt by North, that Point difference is 
the Variation of the Compaſs, and ſhews that 
the North Point of the Compaſs declines one Point 
to the weſtward, or that the Variation is one Point 
weſterly; and then will every Point of the Com- 
paſs be removed, one Point towards the left Hand, 
as the Weſt Point of the Compaſs will ſtand Weſt 
by South, the South Point will direct to the true 
South by Eaſt, Sc. 
THIS being a thing ſo uſeful at Sea, and a 
great many haying Tables of Logarithms, on. 
| 2 an 
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and Tangents that do not throughly underſtand 
ſpherical Trigonometry ; 1t may not be amiſs, for 
the ſake of ſuch, to inſert the following Operation to 
find the Sun's Azimuth; for which the moſt con- 
venient Data, as being both the moſt eaſily found, 
and the leaſt trouble in the Operation, is, 

TH E Sun's Altitude, his Declination, and the 
Hour of the Day given to find his Azimuth. 

Note. The Sun's Altitude is found by a Qua- 
drant, his Declination by the Tables for that 
purpoſe, in moſt Books of Navigation, and 
the Hour of the Day by a good, Watch ; and 
then, 

As Sine Complement of Sun's 4 Altitude, to Sine 
of the Hour from Noon, So Sine Complement of 
Declination to Sine of the Sun's Azimuth, from 
the South or North. 


EXAMPLE, 


: L E T the Sun's Altitude * 47 48 (ir s Com- 
plement is 42 12) the Hour from 12, is 2 Hours 
Bo Minutes which is either 9 Minutes after 2, or 
o before 10, which, at 15 Degrees to an Hour, 
s 32 15, the Declination 20 12 North, it's Com- 
plement 69 48 then Co. Ar. 
As Sine Comp. of Altitude — 42.12.0.17281 
Tro Sine of the Hour from Noon 32:15.9.72723 
jo Sine Comp. Declination — 69. 48. 9.9 97243 


To sine of the Azimuth 48. 12.9.87247 


| WHICH 48 12 is the Sun's Azimuth from 
de South, or taken from 180 Degrees, leaves 
31.48 the Azimuth from the North. 
ANOTHER way to find the Azimuth, is 
y having the Latitude of the Place, the Decli- 
[ OL. II. ＋ nation 
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nation of the Sun, and the Sun's Altitude given, 
and then the Method of finding it is, 
A D.D the Complement of Altitude (or Zenith 
Diſtance), the Complement: of Latitude of the Place, 
and the Complement, of the Sun's Declination to- 
gether, and from their half Sum ſubſtract the Com- 
plement of Declination. _ 
THEN to the Complement Arithmetical of 
the Sines of the Complement. of Latitude, and of 
the Complement of Altitude, add the Logarithm 
Sines of the half Sum, and remainder half, the 
Total of theſe: four Logarichms, is the Sine-Com- 
plement of half the Azimuth. 6 
Note. If the Sun's Declination be South, and 
the Latitude North; or the Declination North, 
and: Latitude South, you muſt, inſtead of the 
Complement of Declination, uſe the Declina- 
tion added to 90, for what is there meant by 
the Complement of the Sun's Declination, is 
always It's Diſtance from the elevated Pole. 


E XA M PL E. 
D. M. 
Sun's Altitude — 8 10 
Declination Squth - 20 13 To find the Azimuth, 
Latitude North — 51 32 
D. M. 


Complement of Altimde — — — 81 30 
Complement, of Latitude —— — 38 28 
Declination added to 90 Degres — 110 13 


— Aäꝛ 


Sum 230 31 

Half Sum — 113 15 

Complement of. Declination 110 13 
— — 


Remainder — 5 2 
O PE. 


2 
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OPERATION. 

8 2 : « . E 0 * n „ „ 
Comp. \ſeude — 81 50 Co. Ar. 0.00442 
Com I 25 küde— 38 28 —— 0.20616 


Sine of the 3 Sum - 115 15 9.95638 
Sine of Remainder — 5 2 ——— 8.94317 


— 


Sum — — 19.11013 
Half Sum 9.55506 


THAT half Sum is the Sine · Complement of 


— 


68 57. which. doubled is 137 54, the Azimuth 
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C HA HIATY. - 
8 Of the Line of a Ship's Way. 


THIS is the moſt difficult Part in all Geo- 

graphy, of which Authors have written ſo 
3 and a great many ſo falſely, that the Rea- 
ders can only have from them an obſcure Idea 
without underſtanding them. We ſhall endeavour 
to give an Explication as clear and diſtinct as 
poffible: : and the Reader muſt give cloſe Atten- 
tion to it, and to make this Explanation the more 
compleat, and render thoſe Directions intelligible 
and applicable, which have been left ſo obſcure 
and impracticable, we ſhall, in this Edition, ex- 
hibit thoſe Methods, by which not only a gene- 
ral Idea of Navigation may be formed, but by 
which alſo all the uſeful practical parts thereof 
are actually performed, and that with reſpe& to 
Courſe, Diſtance, Latitude, Longitude, and all 
the Data and Queſita that can occur in the Pra- 
Etice of Navigation, in order to which (omitting 
plain Sailing, which 1s but the A BC of Naviga- 
tion, and falſely ſuppoſes the Surface of the terra- 
queous Globe to be a regular Plain) we ſhall at 
from another Foundation, and deduce all our ſub- 
ſequent Rules and Tables from that Suppoſition, 
or rather reality of the Earth's being a Globe; 
and not only adapt our Tables to that Principle, 


but give the Reaſons and Conſtructions of them, 
in 
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in order to the better underſtanding of which the 
following Propoſitions are previouſly neceflary. 


PRO POSITION J. 


If two places are ſituated in one Meridian, or lie 
North or South from it, all the places between 
them will be ſituated the ſame way from them, 


THE Propoſition is manifeſt, if rightly con- 
ceived. By the Places between two Points we 
underſtand all the Places in that Arc of a great 
Circle, which paſſes thro the two Places. Call the 
firſt Place from which the other lies, the firſt Place 
and the Place of the other the ſecond Place; and 
the firſt Place is to be conceived, as if it lay in the 
middle of the other Places about it, and under the 
braſs Meridian in the Globe, and an infinite Num- 
ber of vertical Circles drawn from it to the Horizon, 
thro? the other Places, and ſo the Angle made, 
with the Meridian of the firſt, is the Angle wanted; 
for that Angle denotes the Situation of the ſecond 
Place from the firſt. If then we conceive all the 
Points between two Places of the ſame Meridian, 
tis plain all their Meridians will be the ſame with 
the vertical drawn thro* all their Places; and 
therefore all the Places between them lie the ſame 
way from the firſt, either North or South. 


PROPOSITION II. 


| if two places be token in the Equator, of which the 
Situation of the one to the other i; wanted, the ſe- 
cond will lie from the firſt Eaſt or Weſt ; and the 
ſecond will lie the ſame way from 25 oe Hiss be- 
tween "runs, 
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3.3% 

05 the underſtanding 1 dae ,a Bon 

ON 115 quator, and let By 1 wooden orizon re- 
reſent it's Horizon, or the Pele of the Glob 

6 brought to the Horizon * hen take another 
Place on the Equator, * whole Situation from the 
firſt is wanted, tis plain it will lie either ot or 
Welt ; for the Equator 15 theh a, vertical Circle 
which cuts the Meridian at rig ht Angles. The 
ſame is true as to all the ihtermedi ate Points, which 
it brought to the braſs Meridian, the wooden Ho- 
rizon will be their Horizon, and the Fquator a 
Prime vertical to them which, cuts the Meridian 
at right Angles; and therefore the ſecond will lis 
the ſame way from all the intermediate 1 oints ei 
ther eaſt ward or weſtward, 


PROPOSITION III. 


If the ſecond Place be not ſituated in one and the ſame 
Meridian with the firſt, or both, not in the Equa: 
tor ; the ſecond Place will noi be fit tuated from the in. 
termediate Point, on the ſame Point of the Compaſs 
but in di Herent Points in di ifferent Places. 


ON this depends the Knowledge of the Line 
which a Ship deſcribes; and therefore Readers 
ſhould underſtand it well. 

TAKE two ſuch Places on the Globe, as Am- 
ſterdam from which, and Pernambucca in Braſil, ö 
to which the Voyage is to be made, bring Amſter- 
dim to the Meridian, and elevate the Globe for 
1s Latitude, and fix the Quadrant of Altitude 
at the Zenith; and turning it about to Pernan- 
bucca it will ſhow, on the Horizon, the Point on 
which it lies from Amſterdam; and the Arc be- 
tween them contains the intermediate Points, Tis 
to be ſhown that Pernambucca does not lie the 
ſame way from each of theſe Points. 

2 - AND 
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AND here *tis to be remembred, that the 
Angle made by the Meridian of the firſt Place, 
and the Vertical of the other paſſing through, gives 
the Point that the ſecond lies on, which is meaſur- 
ed on the Horizon. LP 
T O ſolve the Propoſition ; take any two Points 
between two Places, *tis better to take ſuch two 
as have Circles of Longitude drawn thro? them on 
the Globe, and becauſe the Quadrant paſſes thro? 
all theſe Places and Pernambucca, it will denote 
the Vertical ta which Pernambucca lies from them. 
And thus the Angles, which that Vertical makes 
with the Meridian of each Place is the Angle of 
Poſition, and ſhows the Points that Pernambucca 
lies in from each intermediate Point; but theſe 
Angles are not all of the fame Degrees, as appears 
to the Sight. Or more plainly, if you meaſure them 
with the Compaſs, or by the help of a Curve 
that can be adapted to the Globe; or if the Places 
be brought to the Zenith, and the Pole elevated 
for their Latitudes, and the Quadrant applied to 
each, you will have the Angle in Degrees on the 
Horizon. | 


COROLLARY. 


THE rectilineal Maps, or Sea- Charts, are 
then very faulty, for there one Place ſeems to be 
on the ſame Point from another with all the in- 

termediate Places, becauſe their Meridians are 

| parallel, tho* they meet at the Pole; but Seamen 
do not regard that, if they can firſt ſee the Point 
that the Places they fail to lies in, from the Places 
they: come from. 
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"PROPOSITION IV. 


If a Ship be 10 ſail from one place to another, that 
does not lie in the ſame Meridian, or both in the E.. 
quator, fo as to keep the vertical Circle between the 
I places, the Ship will then every Minute change 
the point ſhe ſailed on. 8 5 


THIS is plain from the preceding Propoſi- 
tion: for ſuppoſing the Voyage from Amſterdam 
to Pernambucca is to be the 'horteſt that can be 
drawn on the Globe; then becauſe the Ship is al- 
ways in the Voyage directed to Pernambucca, and 
as before there are ſtil] different Points in the diffe- 
rent Meridians ; 'tis plain the Ship muſt ſteer her 
Courſe on different Points, to come to Pernambuc- 
ca: but it will be otherwiſe if the two Places were 
both in one Meridian, or on the Equator. 


PROPOSITION V. 


A Ship cannot always ſail on different points, but 


muſt for ſome time at leaſt ſail on the ſame point, 
Therefore ſuch Way, or Line, is to be ſailed in, that 
the two neareſt points may be on the ſame point, 
h that be not the ſhorteſt Courſe, 


FOR all Motion is performed in ſome Time; 
nor can a Ship change it's Point every Moment, 
but muſt for ſome Time fail one way; nor could 
Seamen know the Points to ſteer on, if they were 
to change them ſo often. Therefore that muſt be 
the moſt commodious ſailing, in which the two 
neareſt Points are directed the ſame way; ſo as 


the Ship may be directed ſtill to the Point, and 


at laſt come to the deſigned Port. This then being 
fuppoſed, we are to enquire what Way is _ Fen 
| a Ship 


Df OY. Ra be. ER Ec, of Rt Tt TB 
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a Ship to move in: and if the two Places are in 
one Meridian it will be a Part of the Meridian; if 
in the Equator, a Part of the Equator; if in a pa- 
rallel Circle, it will be a Part of it; but if in any 


other Circle, it will be in another Line, and not 


in the Circle, as we ſhall ſhow. 
PROPOSITION VI. 


If a Ship ſail always due North or South, that is, 
if the places, to which and from which, be in the 
ſame Meridian, the Ship's Way will be a por- 
tion of the Meridian, | 


THIS is proved from the firſt Propoſition of 
this Chapter; for the Place ſailed to is ſituated 
the ſame way from all the intermediate Points, as 
was there ſaid; but by the preceding Propoſition, 
ſuch a Way is to be choſen, as is moſt commo- 


| dious, whoſe two neareſt Points are ſituated the 


ſame way; and ſeeing an Arc of the Meridian is 


| ſuch a Way, this will be the Way the Ship moves 


in, while it goes ſtill North or South. 
PROPOSITION VII. 


If a Ship ſail Eaſt or Weſt on the. Equator, the 
Ship*s Way will be a portion of the Equator. 


WE ſhowed, in the ſecond Propoſition, that if 
two Places on the Equator, to which, and from 
which, a Ship moves, be choſen, the firſt Point 
will lie the fame Way from all the intermediate 
Points. And becauſe the Ship is continually di- 


| rected that way, an Arc of the Equator will be 
| the Ship's. Way; and becauſe in the fifth Propo- 
ſition we ſuppoſed, that ſuch a Way is to be cho- 


ſen for the Ship's Way as is moſt commodious, 
Sh Sk whoſe 
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whoſe two adjacent Points lie the ſame way, a 
Portion of the Equator will be ſuch a Way, and 
therefore to be choſen for the Ship's Way, 


PROPOSITION VII. 


If a Ship, not in the Equator, move Eaſt or Weſt, 
it will deſcribe nat a Part of a great Circle, but 
a Part of the Parallel in which it is. 


_ BECAUSE the Ship going from one Me- 
ridian to another is ſyppoſed to be directed to the 
ame Point, it will not move in a vertical Circle, 
but go to another Point in the ſame Parallel in 
another Meridian; for the Points of that Parallel 
are ſuch, that if Tangents be drawn to them, 
they will run Eaſt and Weſt, with reſpect to the 
fame: Points; and becauſe the Ship is ſuppoſed 
to be ſtill directed that way, it will always touch 
the Parallel in ſome Point; or becauſe each two 
neareſt Points. in that Parallel, are ſuch, that-one 
is ſituated to the ſame Eaſt or Weſt Point: nor 
is there any other Line on the Globe whole Points 
are ſuch: and therefore the Ship's Way is the 
Parallel in which it is. | 


PROPOSITION IX. 


If a Ship ſail in the ſame Parallel, the Ship's Way 


_ will he a: Part of: the Parallel, tho that be not the 


= ſhorteſt Fay. 


FOR that Line is choſen for the Ship's Way 
in which: the Ship can come to the deſigned Port ; 
being directed ſti}: to the fame Point; or whoſe 
two neareſt Points lie the ſame Way: but the 
Points in a. Parallel: Circle are- ſuch-;, therefore a 
Part of it will be the Ship's. Way: 


* tongs pain on |, ee es. a. 
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COROLLARY. 


THERE is therefore a three-fald Situation 
of Places, rom one of which, when we fail 
the other, the Ship's Way is the Periphery 902 
Circle; 1. It both Places are in one Meridian. 
2. If both bel in the Equator; or, 3. both in the 
ſmall Parallel. n the two La oe Ship 's Way 
1 the ſame w h the ſhorteſt Diſtan e pee 
ha, but in nh third Situation the Ship's Way 
is not the Se Wa ; for 1555 is the Arc 972 a 


great ( ircle e 9 f ; e 458 wo e In any o- 
ther Situation of Places 


ihe Way ue 
be Part of a 00 as we ſhall * in the fol- 
lowing Fropoſ ition. 


PROPOSITION 5 


If a Ship ſail, in any Part of the Ocean, to a Point 
that is not 4 Cardinal 0 one, and keep ſtill to the 
ſame Point, the Ship's May is not a Part of a 
Circle, or any Curve, returning to itſelf, but a curve 
Line, like a ſpiral, turning infinitely round the 
Earth, and  inclining continyally, towards the Pole. 
but never centering 1 it, 


| LET us ſuppoſe a Ship to ſer fail from any. 
Place; after *tis come to a Point in the next Me- 
| ridian,” tis directed to that Point of the next Meridi- 
an which is fituated « on the ſame Point from the 
| other Place left; and ſo in going into the other 
5 Meridians but all theſe Points of thoſe Meri - 
| dians do not make a Circle, but a, Curve like a, 
| cpi. This, will be better underſtood by ſeeing 
it on the 10 than oY many Words. 


DE F. 


r Of - A APPETITE EISSN amy 


gent is to be conceived or drawn; and, properly 


— Torn — 
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DEFINITION. 


 LOXODROMY is a Ship's Way, failing 
ſtill to any one Point that is not one of the 
Cardinals. 

THIS is the meaning of the Word, but the | 
Definition of the Thing itſelf, according to it's 
Nature and Properties, is not eaſy to be under. 
ſtood; it being neither a ſpiral Line, as ſome 
think, nor depending on any Property of the 
Loadſtone, as others imagine, becauſe the Ship 
follows the Direction of the Needle; nor compo- 
ſed of the ſmall Parts of many Circles, as Nonnius 
fays, becauſe the Parallels are made the ſame way 
by the Motion of the Ship, as the Loxodromics; 
nor is Snellius's Explication of it plain, who ſays, 
That the Loxodromic is a Line on the Superficies of 
the terreſtrial Globe, which Surface, a right Line 
touching every where, makes equal Angles with 
all the Meridians drawn thro' theſe Points of Con- 
tact ; for Snellius doth not explain how ſuch a Tan- 


ſpeaking, a Loxodromic hath not right Lines touch- 
ing it, being a ſolid Line; whereas Tangents are 
only drawn to curve plain Lines; and infinite 
Tangents may be drawn to each Point in ſolid 
Lines: and beſides, this Definicion agrees to other 
Draughts of Lines when ſuch a Tangent, to any 
Point of a meridian and curve Line drawn from 
the next Meridian, may be conceived. - 
OUR Definition is propoſed thus: A Loxodro- 1 
mic Line is a curve Line ſurrounding the Earth 7 
by ſeveral Windings, of which any point lies the ſam WW 
<way from all the reſt in it; or in which if two point: 8 
be taken, the one lies from the other, and all the inter- ¶ in 
mediate points, the ſame Way; or from each point of 


which, if circular Lines be drawn to all the reſt 4 
be 
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the Points, theſe Arches will make the ſa me Angles 
with the Meridians that paſs thro each point. This 
Definition is eſſential, and is the true Deſcription 
of the Rumb-Lines upon the Globe. 


PROPOSITION xt. ay 


If a Ship ſail nat on a Meridian, nor in the * J 
nor in 4 parallel Circle, and be directed fill in 
that point in which the 40% igned Port lies, from the 

' Port left, the Ship will never come to the deſigned 
Port, but be removed more and more from it. 


THIS famous Property in ſailing was at firſt 
| a Wonder to Sailors, when firſt obſerved in the 
| laſt Age, or the Time of Peter Nonnius a Mathe- 
| tician of Portugal; for a certain ſkillful Pilot, 
| who ſailing ſome time till eaſtward. to a Port 
that lay due Eaſt from him, found that thereby 
he never came to it, deſired that Nonnius would 
give him the Reaſon of ſo ſtrange à thing, which 
gave the firſt riſe to this Enquiry. And Nonnius 
a little after publiſhed two Books about it; and 
| afterward ſeveral Mathematicians were at work a- 
bout this curve Line; at laſt Sailors found there 
was a neceſſity of having regard to it, and Tables 
were made for it, of which afterwards. 


PROPOSITION IN 


i. When a Ship is to ſail in the ſame Meridian, 
or North and South, foe muſt be directed if poſ- 
Able ſtill one Way ; that is, the Meridian muſt be 
the Ship? s Way. 


2. WHENa Ship is to fail from one Place 
in the Equator to e in it, that is either Eaſt 
| or 


862 e Colifaritins Bas Stc T. * 
or Veſt the Ship. 5 lt. be Airecded that Wa, 
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preceding Propoſition. 


An infinite, Number of Loxodromics may be conceived 


Winds or Points are. They that are ſeen on the 


Equ be che Sh 
% 5 0 WIT E Sher 7 to 15 I deg 4 Pls 


in - | parallel Circle, to another in it, ſhe 
not be directed to the Point in which the = 
Place lies from the other, elſe he "would never 
come to it, . but wind about the ld as it were, 
in a ſpiral Line, towards the od ut the Pilot! 18 
to fert due Eaſt and Welt; for th us ſhe deferibes a 
Parallel to'the Equator, ; and fo will come to her Pott. 

4 WH EN a Ship i is to fail from one Place 
to another, which are neither in one Meridian, 
nor. in the Equator, nor in a paralle 7 dye the 
Skip is nok to be directed” to that Point i which 
the firſt Place lies from he ſecônd, for 00 us the 
Ship would deſcribe a Loxodromic Curve, Which 
will not paſs thts the other Place; but the Di- 
rection muſt be in that Linie, Which When the 
Ship goes, ſhe' w in deſcribe a Loxodromic, that 
wilt paſs thro? he other Place, of into that Line 
Which makes an Angle, with the Meridian, equal 
to the Inclination 707 the NE ente which aſſes 
thro? theſe two Places. Theſe all follow from the 


PROPOSITION XIII. 


to coiie from any place of the Fa#th, and alſ 
infinite Verticals ; but there are only counted twenty 

bt round about a place, viz. ſeven in the Quadrant 
b; ween the Meridian and Parallel of the place; 
and ſo they divide the Angle into' eight equal Parts, 
and each two neareſt are diſtant equally ; but tht 
Parallel is called the eighth Loxodromic 


THEY aft called by the ſame Names'thar the 


Globes 
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Globes come from the Center of the gea. Compaſa 
on it, and alſo from other Points of the Meridian 
and to turn round the Earth. | 

AN D for Practice at Sea; the intermediate 
Loxodromics are denominated 2 their Diſtance 
from the next Laxodromico. For Example; Ons 
third, or one . more northerly or eaſter- 
| ly, . 


p R o POSTTITON XIV. 


Te Lonodromic 22 e Places is (as to 
Senſe) equal to potbe of a plain right- 
angled Triangle, one Leg being equal fo „ Bf 
ference of the Latitude of thoſe rwo Places, the' o 
iber equal ta tlie Difference of their Loguade taken- 
aon 4 Parallel,, which'ts in ihe md, behtweeey the 
Parallels of the two places. 


SU CH Triangles are: called: W 3 bue- 
for accurate Calculation, places muff he taken very 
near one another, even within a Minute. 


Cco' RO LL ART 


WE may hence calculate: the: Zoxod#omiie Line 
from one place to another; and: that witli the > 
of the following Propoſition. 


PROPOSITION XV. 


The Pants of one Loxodrom ic intarceptidl bertveen Far a 
rallels Teri mea are 1 : 


THEREF ORE a great many mall Lone . 
nic Triangles may be coneeived in each Eoxodro-" 
nic; of which if the Loxvdromie of one be calcula-- 

td, the Quantity of the Zoxvdrvmir from one 


Place 
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Place to another, whoſe Latitude is known, is 


— — — — — 2242 


Known alſo. | 
PROPOSITION XVI. 


Having the Difference of the Latitude and Longitude 
of two places, to find the Loxodromic in which 
a Ship muſt ſail from one place to the other; or 
baving on the Globe two places, to find which way 
a Ship muſt ſteer in going from one to the other. 


TAL S is the chief Problem in Navigation, 
to hi 


the reſt are ſubſervient. If there be no 
Difference of Latitude, the Ship's Way will not be 
a  Loxodromic, but a Parallel of theſe Places; 
tho? *tis commonly called the eighth Loxodromic, 
becauſe tis formed the ſame way as the reſt, by 
the Motion of the Ship, which is directed Eaſt or 
Weſt. If therefore their Latitude be the ſame, 


they ſay the eighth Loxodromic ſhould be taken, 


and the Ship ſteered ſtill due Eaſt or Weſt, tho 
not ſtrait to the deſigned Port, yet by that falſe 
Direction the Ship will come to it. 

I F there be no Difference of Longitude, there 
will be no Loxodromic, but a Part of the Me- 


ridian of both Places; and the Ship is to be di- 


rected North or South. 

BU T if the Places differ both 1 in Kain and 
Longitude, and you would work by the Globe, 
let the given Latitudes be marked on the braſs Me- 
ridian, and if the Parallel of one Latitude have on 


it the Center of a Sea-Compaſs, from which Loxo- 


dromics are drawn, bring that Center to the Meri- 
dian, under the marked Latitude; then turn the 
Globe till as many Degrees on the Equator paſs 
thro' the Meridian, as are in the Difference of 
Longitude ; then obſerve in what Loxodromic the 


Point is which is under the other marked on 
A 0 


— 
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of the Meridian, and that will be the one ſought, 
which will ſhow to what Point the Ship is to be di- 
rected; to come to the deſigned Place. If there be 
not a Point of-a Loxodromic under the Mark, the 
middle muſt be An ne the two next . 
dromios. 

BUT if hots "os not the Center of a Compaſs 
in any of the two Parallels, chuſe a Loxodromic 
that ſeems near that which is wanted, which bring 
to one Point mark'd on the Meridian, and turn 
the Globe, as before, till the Difference of Lon- 
gitude paſs thro' the Meridian; and if a Point of 
the aſſumed Loxodromic be under the other Point 
marked in the Meridian, you have it at once; if 
not, aſſume another Meridian, and try, as before, 
till you find a Point in the Loxodromic under the 
Mark, or near it; and call it by the neareſt Loxo- 
romic, or by how pools 'tis beyond, or comes 
ſnort of it. | 

IN. the Sen Chats i it is as the Point the one lies 
in from another, tho? in thoſe of equal Degrees of 
Latitude 'tis falſe 3 bur of unequal tis accurate 
enough. i 

SAILORS 9 15 alſo another Method, eaſy: 
enough, by the Solution of right- angled plain 
Triangles; but for this they uſe a Table of meri- 
dional Parts; of which we treated in Chap. xxxii, 
and now proceed to give the Original and Con- 
ruction thereof, with it's application to the find- 
ing the Line of Ship's way, according to our 
promiſe in the Title of this Chapter. 

IN order the better to underſtand the Nature 
f the. Table of meridional Parts, we are to con- 
ider, that this Earth, upon which we live, as 
ompoſed of Land and Sea, is a Globe, or of a 
lobular Form, and moves upon it's own Axis, 
hich is terminated by two Poles, or oppoſite 
'oints of the Surfacs of the Earth, between Which, 

1 2 and 


for a true plain to co-incide with the Surface d 
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and equally diſtant from each, is the Equator 
which paſſes round the Earth, and divides it equal- 
ly into the northern and ſouthern Hemiſpheres; 
and any other Circles drawn round the Globe, or 
imagined to be drawn round the Earth it ſelf, pa- 
rallel and equidiſtant from the Equator, either 
on the North or South of it, are called Parallels of 
Latitude, North or South, according to their Si- 
tuation from the Equinoctial; alſo any Lines drawn 
along the Surface of the Globe, at the neareſt di- 
ſtance from Pole to Pole, (or imagined to be 
drawn ſo upon the Surface of the Earth) are called 
Meridians, which therefore at whatſoever Diſtance 
they may be from one another in the Equinoctial, 
yet as they all meet, and concur in the Poles, they 
incline nearer to each other as they approach it; 
and as every two Meridians contain the ſame 
number of Degrees of Longitude, as they come 
nearer the Poles, which were contained between 
them in the Equator, when further aſunder, it wil 
follow that a leſſer Space, or fewer Miles, make 
a Degree of Longitude nearer the Poles, than are 
contained in a Degree of Longitude, in the Equs- 
tor; and as a Degree of Longitude in the Equs- 
tor, is always equal to a Degree of Latitude, 


upon any part of the Globe; it will neceſſarily ny 
follow, a Degree of Longitude bears continually Cle 
a leſs proportion to a Degree of Latitude, a equ 


they approach nearer either Pole. | 

BUT as former Authors have not found an 
way to transfer thoſe curving inclining Meridians 
from the Globe to a Plain, it being impoſſible 


a Globe, or (Mathematically ſpeaking) ſo much 
as to touch it any where, but in a Point, as a right 
Line can touch a Circle, they concluded Globula 
Sailing impracticable, and for many Years con- 
tented themſelves with Plain-Sailing, which, with 
ks, F © . .- @ 


out any regard to the Convexity of the Earth, 
uppoſeth it to be a plain Superficies only. _ 

B U our ingenious Countryman Mr Edward 
Mrigbi, very ſenſible of the Errors which muſt 
unavoidably be the conſequence of truſting our Na- 
vigation upon a Suppoſition ſo evidently falſe, 
ſubſtituted another Projection inſtead of the plain 
Chart, which is now (though wrongfully) known by 
the name of Mercator*s Chart. In this, although 
the Degrees of Latitude are not every where 
equal, as they are upon the Globe, and conſe- 
quently the fame extent of the Compaſſes will 
not contain juſt the ſame Number of Miles in e- 
very part of the Chart; yet it is ſo contrived, that 
the Degrees of Longitude bear the ſame propor- 
tion to the Degrees of Latitude in any Parallel, 
that they do in the ſame Parallel upon the Globe, 
which is an Excellency, that the plain Chart is 
entirely a Stranger to. „ 
IN this Chart the Degrees of Longitude are 
every where equal, and therefore to keep the Me- 
ridians parallel, and retain the ſame proportion 
between the Degrees of Longitude, and the De- 
grees of Latitude that there is upon the Globe, the 
Degrees of Latitude upon the Meridian are pro- 
tracted, or lengthened; ſo that whereas upon the 
Globe, the Degrees of Latitude are every where 
equal, viz. 60 Miles to a Degree, and in Latitude 
bo Degrees, one Degree of Longitude, is but half 
as much as a Degree of Latitude, viz. 30 Miles; 
lo in Mercator's Projection, a Degree of Longitude 
is the ſame in Latitude 60, as it is under the 
EquinoCtial, and a Degree of Latitude is twice as 
long; and in like manner, the ſame proportion is 
eld between the Degrees of Latitude and Longi- 
de, upon Mercator's Chart every where as is 
BUT although the Degrees of Longitude and 
atitude, did by this means retain their true pro- 

| 2 2 portion 
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the Pole, inſomuch that the ſame extent of the 
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5 between themſelves, yet as the Degrees of 
ongitude are every where the ſame, it will follow, 
that the Meridians, and conſequently the Diſtances, 
are every where (except under the Equinoctial) 
diſtorted, and the more ſo as they come nearer 


Compaſs, which contains 60 Miles under the E- 
2 contains but 20 Miles, or leſs, between 
titude 70 and 71, and nearer the Poles. _ 

BUT as it was pity ſuch an excellent Inven- 
tion ſhould be loſt, for want of a way to meaſure 
Diſtances upon it, we have likewiſe ſubjoined the 
Method of making a Scale, whereby at one Extent 
to meaſure a Diftance upon Mercator's Chart: 
The Scale is formed from the ſame mathematical 
Principles with the Chart itſelf ; we ſhall firſt 
give the Conſtruction of one, and then of the 

other. 

WE have obſerved above, that by reaſon of 
the Difficulty of truly drawing upon a plain, any 
conſiderable part of the Surface of the Globe, with 
inclining Meridians, and all the other properties 
of the Globes, they endeavoured to find out a 
right lined Projection, which might be equally WF (2 
true, and yet eaſier in Practice, in order to which 
it is premiſed as a Foundation, 

1. THAT the Peripheries, or Circumference 
of all Circles, are in a direct proportion to their 
Diameters ; and conſequently to their Semidiame- 
ters or Radiuſes. And, 

2. As the Periphery of one Circle, to the 
Periphery of another, of a different Magnitude, 
So a Half or a Quarter, or any other part of tic 
firſt Circle's Periphery, to the like part of the 6 
ther Circle's Periphery. 

3. The Semidiameter or Radius of any Parall 
of Latitude, is the Sine Complement of that LI. 
titude ; theſe conſidered it will be then, 


L 


1. A 
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1. AS Radius: To Sine Complement of any 
given Latitude, So 60, the Miles in a Degree of 
Longitude in the Equator, to the number of 
Miles contained in a Degree of Longitude, in the 
Farr ˖ FFů'n?ſ of 
2. BUT it is alſo demonſtrable, that As Sine 
Complement of any Arch to Radius, So is Radius 
to the Secant of the ſame Arch _ | 
IN the Scheme let C be the Center of the 
Earth, and AB D be a Quarter of a Meridian, let 
A be the Pole, and CD the Semidiameter, or 
Radius of the Equinoctial, draw the Tangent DE, 
and the Secant CBE, draw alſo the perpendicular 
BG (the right Sine of the Arch DB) and FB e- 
qual to CG, the Sine Complement of the fame 
Arch, then is B D the Latitude or Diſtance of 
B from the EquinoQtial : AB the Complement of 
Latitude: BG is the Sine of the Latitude, and 
CG equal to FB the Sine Complement of La- 
titude, CB equal to CD is Radius, DE the 
Tangent, and CE the Secant of the Latitude. 
HENCE, for the firſt, it will be, As CD, 
(Plate XI. Fig. B.) the Radius or Semidiameter 
of the Equinoctial, To CG equal to FB, So 
one Degree, or any other part of the Equinoctial 
to one Degree, or the like part of the Parallel 
paſſing through B, that is as Radius to the Sine 
Complement of Latitude, So 60, the Miles in a 
Degree of the Equinoctial, to the Miles in one De- 
gree of Longitude, in the Parallel of B. | 


Secondly, As CG (equal to FB) Sine Com- 


plement of Latitude, to CB (equal to CD) Ra- 
dius, So CD Radius to C E the Secant of Latitude 
Euclid,” Lib, vi. Prop. iv. 

T HIS being granted, it may thus be applied 
to a Demonſtration of the truth of the Conſtru- 
Con of Mercator's, or, more juſtly, Mr Wright's 


Chart, 
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IN this Projection the Meridians are propoſed 
parallel to each other, and conſequently the Dia- 
meter of any or every Parallel, is likewiſe ſuppoſed 
equal to that of the Equator, and hence the Radius 
of any Parallel is equal to the Radius of the E- 

uator; and therefore, in the laſt mentioned Scheme, 
15 or CG will be every where equal to CD, 
but when CG is become equal to CD, it is 
evident CB will become equal to CE, and 
conſequently the Radius of the Meridian, at any 
Parallel, will be equal to the Secant pf the Latitude 
of that Parallel, alſo as a Pere any ſmall 
Arch upon the Equator, is equal to a Degree, or 
the like Arch upon the Meridian, upon the Globe, 
it will be as the Secant of any Parallel is to Radius, 
ſo is the length of a Degree, or any ſmall Arch 
upon the Meridian, to the Length of a Degree, or 
the like Arch upon that Parallel, and therefore 
a Degree on any Parallel, will be increaſed in the 
ſame Proportion, as the Secant of Latitude is grea- 
ter than Radius; as for Inſtance, the Secant of 60 
is juſt twice Radius, therefore a Degree of Longi- 
tude which ſhould be but half as much as a De- 
gree of Longitude in the Equinoctial, is there, 
and all over the Projection, equal to a Degree in 
the Equinoctial, and therefore in Latitude 60 
Juſt twice as large as it ſhould be, and the De- 
grees of Latitude which are every where equal 


to what they are in the Equinoctial, by which 
means the proportion in northing and ſouthing, 1s 
the ſame to that of the eaſting and weſting upon 
this Projecton, as it is upon the Globe, and the 
Length of a Degree, or any ſmall Arch upon the 
enlarged Meridian, muſt every where be to a De: 
Free, or like Arch of the Meridian on the Globe, 


5 — 
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HENCE ſuppoſing any ſmall Arch of the 
Meridian to: be Radius, the following nn 
may be deduced. 

1. THAT the Length of a Degree, or any 
ſmall Arch upon the enlarged Meridian, is every 
where equal to the Secant of the Arch contained 
between it and the Equator. 

2. THE diſtance of any Point in the enlarged 
Meridian from the Equator, is equal to the Sum of 
all the Secants contained between it and the E- 
quator. 

3. E Diſtance between any two Parallels, 
on the.enlarged Meridian (being both on the ſame 
Side of the Equator) is equal to the Difference of 
the Sums of all the Secants of every Minute, con- 
tained between each Parallel and the Equator. 

4. THE Diſtance between any two Parallels 
upon the enlarged Meridian (being on contrary 
ſides of the Equator) is equal to the Sum of the 
Sums of all the Secants contained between each 
Parallel and the Equator. 

UPON the Principle of this ſecond Corollary 
it is that the Table of meridional Parts is formed; 
viz, That the Diſtance of any Point, upon the en- 
larged Meridian, from the Equator, is equal to the 
Sum of all the Secants contained between it and the 
| Equator... It is plain that if to 00000 (which if 
the expreſſion be proper, may be ſaid to be the 
meridional Parts of 00 deg. 00 min.) we add the 
natural Secant of oo deg. oO min. viz. 10000, the 
Sum will be 10000 the meridional Parts for o deg, 
I nin. to which if we add the natural Secant of 
o deg.” 2 min. which is again 10000 (becauſe the 
Secants of ſuch ſmall Arches, where they fall upon 
ſhe tangent Line, at ſo near a right Angle, increaſe 
aſenſibly) the Sum is 20000, the meridional Parts 
Ter 2 deg. oo min; &c. 3 r more 


onſpicy ards the latter Fable, 
Rs oy 2 4 P where 


WW. 
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where the natural Secants, and conſequently the 
meridional Parts, increaſe much faſter; and to 
make it more intelligible, we ſhall have recourſe 
to that excellent Book, intituled CorreFion of Error; 
in Navigation, written by the ingenious Mr Edward 
Wright, the firſt Inventor of the Projection ve 
are now treating of, and of the Table of meridio- 
nal Parts, by which it is projected, and the Ope- 
rations therein performed. According to his Table 
of Latitudes (being of the ſame Conſtruction and 
Uſe, with thoſe we now call Tables of meridional 
Parts) and Mr $Sherwin's or any correct Table of 
natural Secants, we ſhall find, by the continual Ad. 
dition of the Secant of the ſucceeding Minute, 
to the meridional Parts of the Minute' propoſed, 
the Sum is the meridional parts of the ſaid ſuc. 
ceeding Minute, &c. as above, and as in the fol. 
lowing Inſtances in finding 928 N e ey 
to higher W 


EXAMPLE. 
P. M. 


5 The Meridional Parts of — 79 20 Etna 
Secant of the next Minute viz. 79 21 54109 


Meridional Parts of — 79 21 8159924 


Secant of — ——T=19,22.: 410 
Meridional Parts 3 — 79 22 1154921 
Add the Secant Of ——— = — 79 23 654277 
Meridional Parts of — 79 23 87703404 
RS 
Meridional Parts of 79 24 817 57856 
Add Secant of 9 25 54440 


Meridional Parts of — 25 87 5 430 


IN this manner ( nat to . any further by 
way of Example) are all the meridional Part 
2 855 oo deg. 90 nin. to 8 9 arg, 5 59 min. produced, 

# 


TIA 


WC. 


wo — 


* 
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it being impoſſible to produce the Meridional 
Parts, of 90 deg. oo min, becauſe it's Secant is 


infinite, and in the Projection it is impoſſible to 
repreſent the Pole, becauſe upon the Globe, the 
Meridians incline,” and at laſt concur in the Pole; 
but in the Projection, the Meridians, being paral- 
lel to each other, could not, in the greateſt ima- 
ginable Space, concur in a Point, and yet without 
ſuch a Concurrence of the Meridian, it is impoſſi- 
ble to form or imagine a Pole or Poles to the 
Globe ; however that Difficulty is obviated, when 
we conſider that theſe Tables of meridional Parts 
approach much nearer the Poles, than any Na- 
vigation is practicable, and therefore do fully an- 
ſwer the End for which they were intended, 

BUT tho' Mr Wright in his Table of Lati- 
tudes (and we after him in this Example) have in- 
ſerted the meridional Parts to ſo many places, yet 
it is thought ſufficiently exact for Practice to caſt 
away the laſt four Figures towards the right Hand; 
and uſe the reſt; only if the firſt towards the 
left Hand of thoſe cut off, be above a 5 add r 
to the right Hand Figure of thoſe reſerved for uſe 
and thus are the meridional Parts produced, that 
are in Seller's Navigation, Wilſon's Navigation, and 
other Practical Books; as for Inſtance, Mr Wrigbt 
makes the meridional Parts for 19 deg. 12 min. 
to be 11741560, but theſe Authors cutting off 
four Figures towards the right Hand, make it 
only 1174. But Mr Wright making the Meri- 
dian Parts of 79 deg; 24 min. to be 81757856, if 
four Figures towards the right Hand were cut 


| off, without any regard to the firſt towards the 


left Hand of thoſe ſo cut off, the Figures reſer- 
ved for uſe would be 8175, but the next Figure 
being above 5, viz. 7, theſe Authors add 1, to 
the laſt Figure, which is 5, and the meridional 
Parts for 79 deg. 24 min. is 8176; I ſhall or 
= 7 2 2 . | ad 
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add, han: the greater number of places that the 


meridional Parts are calculated to, they are more 
exact, but they are ſufficiently ſo for Practice, 
when thoſe four places towards the right Hand 


are cut off, the Error contrafted gehe (if any 


at all) not being perceptible. 

BUT notwithſtanding; what has been ſaid, as 
to the abridging the number of Figures in — 
meridional Parts, it is adviſeable, in the compoſing 
them by the addition of Secants, that the Secants 
made uſe of for that purpoſe, do not conſiſt of 
a number of places, leſs chan five at leaſt. 

BUT ifa Table of meridional Parts, be made 
but to every other Minute as o, 2, 4, 6, Se. 


Minutes above every Degree, add the Secants of 


the two ſueceeding Minutes to the Meridional 
Parts, found for th Minute propoſed, the Sum 
is s the meridional Parts of the next Minute ber one. 


| 2 X 4 MP L F. 
8 D. M. 
Meridional Parts for — 63 26 49630758 
——— — ,; 22372 
Secant of | 63 28 2238; 


Meridional Parts for 63 28 4967 5515 


2 HIS is fo eaſy, that it needs no more Examples, 
A ND to find-the meridional Parts of the in- 
termediate Minute 63 27. The meridional parts, 
for 63 26 (uling only the firſt four Figures) is 
4963, and for 63 28, the meridional Parts is 
4967, the Difference is 4, the half of which, 2, 
added to the leaſt, viz. 4963, the meridional 


parts of 63, 26, the Sum 4965 is the meridional 


parts of 63 27 required, and the Difference being 
ſo ſmall, may be readily done by the mind with- 
out the help of Pen and Ink. 


FROM this Conſtruction the following Table | 


of e Parts is caloulated, 
" "A TABLE 
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A Table of Meridional Parts. 
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A Table of Meridional Parts. 
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A Table of Meridional Parts. 
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A Table of Meridional Parts. 
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A Table of Meridional Parts, 
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A Table of Meridional Parts. 
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A Table of Meridional Parts. 
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A Table of Meridional Parts. 
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AND now according to my promiſe, Page 
868, I ſhall exhibit a Method of making a Scale 
to | neaſure* Diſtances on the Mercatior's Chart, 
which may by the following Example be made for 
any Chart, if the extreme Latitudes of the Chart 

woe WS ep a 
Example. Let it be required to make a Scale for 
a Mercatar's Chart from Latitude 32 to Latitude 
50, either North or South, and to contain 100 
ro op or 300 Miles Diſtance, (See Plate XI. 
Tl RST, find the Length of 300 Miles in the 
leaſt Latitude (which here is 32) thus, As Sine 
Comp. Lat. ; of Þ RANKS) So 3, 300 Miles 
(the length! of your Scale) To 354! of 5e 54!, 
which tz GET the graduated Ine or Foa 
let it be the Length of the loweſt line of the Scale 
32 32, upon the middle of which line (at 30) raiſe 
the Perpendicular 50.50, ſubſtract the Natural Se- 
cant of the leaſt Latitude 32, from the Natural 
Secant of the greateſt Latitude 599, and the Re- 
mainder 3766 taken from a Scale of equal Parts, 
ſet from 50 to 50 upwards, upon the foreſaid Per- 
pendicular; and thro? 50 draw the uppermoſt line 
at right Angles with the perpendicular, and Pa- 
rallel to the bottom line 32.32, that line repreſents 
the Parallel of 50%, Then having found by the 
foregoing Proportion the length of 300 Miles, in 
Latitude 50”, which is 467, or 72 _47/; take 
half thereof, viz. 39 53/5 from the graduated line 
of Longitude, and ſet it both ways upon the fore- 
ſaid Parallel of 5o, from the middle of the line 
(where it is cut by the Perpendicular) to each end; 
ſo ſhall the diſtance between thoſe two Marks be 
the Meaſure of 300 Miles in Lat. 50%. Then 
from the Extremities of the Top and Bottom lines, 
draw the Side lines, 30 32 and 30 32. Now ta 
find the intermediate Parallels, ſubſtract the N 5 
2 tura! 
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tural Secant of the leaſt Latitude 32, from the Na- 
tural Secant of each greater Latitude as 34 36 38, 
Fe. to 50, the ſeveral Remainders taken in your 
Compaſſes from the ſame Scale of equal Parts, by 
which you meaſured the middle perpendicular line, 
and ſet upon the ſame line from the line 32.32 
upwards, ſhall determine the points in that line 
thro which the ſeveral Parallels muſt paſs; there- 
fore thro? theſe Marks draw lines parallel to the 
line 32.32, they repreſent the ſeveral Parallels re- 
quired. Then divide the uppermoſt and loweſt 
Parallel each into 100 equal Parts, marking them 
both with 10, 20, 30, Be and between thoſe Di- 


viſions marked with the ſame Number, on each 


line, draw ſtrait lines thro? the Scale; theſe Lines 
wilt alſo divide each Parallel into 100 equal Parts 
or Leagues upon which you may meaſure your Di- 
ſtance in any Parallel as before is taught. 

THE uſe of the Scale is eaſy, the Diſtances 
being to be taken off according to the Latitude of 
that part of the Chart, which is to be meaſured 
thus, the line 32.32, is 100 Leagues or. 300 Miles 
in the Parallel 32, and the line 50.50, 1 300 Miles 
in the Parallel of 50 Degrees: But if (as is moſt 
common) the Ship ſails upon an oblique Courſe, 
meaſure the Diſtance upon a parallel in the Scale 
that is neareſt the middle parallel, between the two 
Extremes, and that is ſufficiently exact. 

Example. If the Ship has failed in the North- 
Eaſt quarter from Latitude 42, to Latitude 46, 
the Diſtance is to be meaſured on that 1 of 
the Scale marked 44.44. 8 | 
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find in the Maps the Place to which a Ship is 
come after ſome ſailing ; or to find the Lati- 
tude and Longitude 0 2 that Place. 


PROPOSITION I. 


The Point to which a Ship is to be directed, cannot be 
known except we firſt know what Place the Ship 


is come 10. 


E faid, in the preceding Propoſition, that 

the chief Problem in Navigation is how 
to find the Point to which a Ship is to be directed : 
and which 'tis plain cannot be known except we 
firſt know the Place from which the Ship is to be 
directed; and therefore the Solution of that Pro- 
blem for finding the Ship's Place is neceſſary: and 
the Problem for finding the Point comes to this. 


PROPOSITION II. 


To find the Place to which a Ship is come after ſome 
time of ſailing. 


T HE Dutch mark every Day with a Pin the 
Place in the Maps to which the Ship is come; and 
thence they may know which way to ſteer the Ship: 
and for this they uſe a three-fold Method, accord- 
ing to that which they Judge i is —_ moſt exactly. 

Having 


of th the. chief Problem in Nansen ; viz. To 
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Having obſerved the Point the Ship ſailed on the 


former Day, and the Way ſhe hath made ſince, 


her preſent Place is thus found in the Maps! 
Take a Square, and apply one Leg to the Place 
from which the Ship came laſt, and the other to 
the Point or Line neareſt it, on which the Ship 
failed, and mark with a Pin, or Pen, the part of 
the Leg, which is above the place left. Then 
take, from a Scale of Miles, the Miles run, and 
apply one Foot of the Compaſs to the Place left, 
and let the Scale be moved in the Line that ſhows 
the Point, *till the other Foot reach the Point 
marked on the Square ; the Place in the Map un- 
der that Point, in that Situation of the Square, is 
the Ship's Place. es a 
SEAMEN uſe two pair of Compaſſes with- 
out a Square; but if you would cetermine the 
Ship's Place more accurately by Calculation; the 
Problem will be this: Having the Latitude and 
Longitude of the Place left, and the point failed 
on, with the Diſtance ſailed, to find the Latitude 
and Longitude of the Place come to ; by which the 
Ship's Place may be marked more accurately in 
the Map. 4-51 105 ir wot | 
2. T HE Point the Ship hath failed. on, and 
the Latitude ſhe is come to, being known; to find 
her Place in the Map. | 49 
LE T there be again applied one Leg of the 
Square, to the Point ſailed on, or one neareſt it, 
and the other laid on the Place come from, and there 
make a mark with a Pin or Pen; then move the 


Leg applied to the Point failed on, till the marked 


Point on the other Leg come into the Parallel of 
the obſerved Latitude; and the Point where it 
cuts it, is the Ship's Place. If there be not a Pa- 
rallel drawn thro? it, take with the Compaſſes the 
Degrees on the Margin between the next Parallel, 
and that Latitude; and at the ſame Time apply a 
| ws _— Square 
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Square in the Line of the Points, and ſetting one 
Foot on ſome Place of the Parallel, ſo as it's other 
may reach to the other Point, marked on the Leg, 

ou have the Ship's Place. Or by Calculation the 
Problem is this: Having the Latitude and Lon- 
gitude of the Place left, and the Latitude of the 
Place come to, and the Point ſailed in, to find 
the Longitude which will give the Ship's Place. 
3. KNOWING the Diſtance failed, and the 


> 


Laritude come to, to find the Ship's Place in the 


"TAKE from the Scale, the Miles failed, and 
if a Parallel paſs thro? the Degree of Latitude, 
known by Obſervation z place one Foot of the 
Compaſſes on the Place known, and the other on 
the Parallel, and you have the Ship's Place : bur 
if no Parallel paſs thro? it, apply one Leg of the 
Square to the next Parallel, and on the other 
Leg mark the Degree of Latitude, and move the 
Square *till the other Foot of the Compaſs touch 
the Point marked on the Ruler: the Place of the 
Map under that Point is the Ship's Place. By Calcu- 
lation the Problem is this: Having the Latitude and 
Longitude of one Place, and the Diſtance of it from 
another, and the Latitude of that other; to find 
alſo it's Longitude, which will determine it's Si- 
tuation on the Globe. There is a fourth Method 
alſo by having the Longitude of the Place come 
to, when it's Latitude is wanted; but becauſe that 
ſeldom happens at Sea, we ſhall omit it. They 
that deſire more of this, may read Snellius, Stevinus, 


Metius, and others, who have handled it largely. 
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PROPOSITION 3. — 


25 Gang 5 the Point a Ship ſails in, tho the oY 
are fallacious, 118 | 


N. 1 Solution of the former Propoſition chere 
was ſuppoſed, as known; (1) The Point ſailed 
on, (2) The Diſtance ſailed, (3) The Latitude 
of the Place come to: Now we are to ſhow how 
theſe three are found at Sea: for if theſe are not found 
truly, the Ship's Place is not truly determined. 

1. AS to the Point failed on, Sailors know it 
by their Sea-Compaſs; for the Ship is ſuppoſed 
to deſcribe the ſame Line that ſhows the Point. 
They ſeldom uſe the Method by. the Place of the 
Sun's riſing or ſetting by Calculation. 

THESE Signs are ſubject to uncertainty; 1. 
If the Declination of the Needle be not known in 
that Place. 2. If there be a Current there, or as 
in many Places in the Torrid Zone, a general and 
conſtant Motion of the Sea, that will carry the 
Ship with it. 3. A Storm will drive the Ship out 
of the Line of Direction. 4. The Ebbing and 
Flowing of the Sea will carry the Ship with it. 5. 
Allowance is to be made for Lee-Way, on account 
of the Waves that hinder the Ship's Motion that 
Way ſhe is directed; for all which Reaſons their 
Sea-Compaſs is not to be relied on, and the Cor- 
rection of theſe is very imperfect. 


PROPOSITION IV. 


To find how many Miles the Ship hath Al from a 
given Place. 


iT HIS is but gueſſed at; 1. By knowing how far 


a Ship will ſail 1 in ſuch: a Time, with ſuch a 5 


© my. >. tt ©—>__ Lo. AA oe For 
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2. If ſhe ſail in the ſame Meridian, or near it, 
the Difference of the.Latitude of the Place left and 
come to, turned to Miles, gives the Diſtance 
failed with that Wind, in that Time; and then 

the Ship failing any other Way with that Wind 

makes the fame Way in that Time. 3. With 
more Labour they find it by the Log-line, which is 

a Line faſtened to a Log of Wood, and thrown our 

of the Ship's Stern, the Line being wound about a 

Wheel in the Ship's Cabin, which muſt turn to 

give more Rope while the Ship moves from the 

Log; they obſerve how many marked Fathoms of 

the Rope go out of the Ship in half a Minute, which 

will give her Motion in ſixty Minutes, or one hun- 
dred and twenty Minutes and a half; each Mark that 
goes out will be a Mile in an Hour, if the Marks 
or Knots be fifty Foot diſtant. But theſe Methods 
are uncertain ; for, 1. There is a Motion of the Sea 
in ſome Places to one Place, to which, if the Ship 
go, ſhe moves the faſter ; if to the contrary, ſlower. 

2, The Ship 1s carried by other Cauſes to other 

Points, and goes in ſeveral Lines. 3. The Winds 

frequently change. 4. The higher the Ship's Stern 

is, the Line winds off the Wheel the flower, and 
her Motion thereby ſeems the leſs. | 


FROFUSITION- Y: 
To obſerve the Latitude of the Place come io. 


THEY uſe the Sun by Day, and the Stars 
by Night, as in Chap. 23. They uſe three Sorts 
of Inſtruments for this Purpoſe, viz. an Aſtrolabe, 
Radius, and Triangle. The Latitude by theſe is 
determined more accurately than the Point failed 
in, or the Miles failed ; tho? there is alſo an uncer- 
tainty on account of, firſt, the Ship's Motion, 
which hinders Obſervation 3 ſecondly, not apply- 
A ing 
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; 898 The Comparitive Part, &c. 8E c r. VI. 
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— — — — — —— oh k 


Place, but, as was at large delivered, in Chap. xxx, 


hops 


ing the Eye rightto the Inſtrument ; and, thirdly, 
the Refraction is not conſidered. | 


PROPOSITION VI. 


From what precedes it appears, that the Methods which 
Sailors uſe to find the Ship*s Place, are in the Chart 
uncertain, on account of the Uncertainty as io the 
Point ſailed in, and of the Miles run, and of the ob. 
ſerved Latitude; yet the Obſervation of the Lati- 
tude of the Place come to, is leſs liable to Error, e- 
pecially in calm Weather, and a clear Sky, aud 


/ 


may be corrected. 
BUT from this alone we cannot find the Ship's 


there muſt be another Datum, vi. either the Di- 
ſtance from the Place left, or Point failed in, or 
the Difference of the Longitude left, and come 
toz and therefore the Longitude of the Place 
come to, which, with the Latitude, is again want- 
ed, determines the Ship's Place. 

HENCE it appears, that the-Art of Naviga- 
tion is to be perfected by the Solution of this Pro- 
blem; To find, at any Time, the Longitude of a 
Place at Sea. A public Reward 1s promiſed for 
the Diſcovery ; let him obtain it who is able. 
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their Kinds 169 
their Figure 171 
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Branches of Rivers 295 
Britain 109 
Britiſh Iſlands 116 
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Canons, Mathematical 22 
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ſion there 278 
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Cardan, his Opinion of the O- 
rigin of Springs 303 


Cardinal Points, how found 834 
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the more remarkable 
ones 381 
flowing at certain 
| Times 390 
Frieſland 113 
Frontera Lake 1 
Fumes, See Vapours and Exha- 
lations. 
Furlong, Grecian, what 25 


G 


| Anges, it's water account- 
ed wholeſome 329 
it's Courſe and an- 
nual Inundation 


8 342, 3 
Garonne River, it's Tides 85 


Gate Mountain 140 

Geneva, it's Lake 286 

Geography, what 2 

vr it's Diviſion 2, 14. 
LY I 

Univerſal and Part? 

cular ibid. 


Geogra- 
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Geography, it's Subject, Pro- 
perties, Principles, 


Sc. 3. 5 
it's Order and Proof 


6, 7 

it's Origin 7 

how praQiſed by the 

Antients 16 

how by Darius and 
Alexander 8, 9 

it's Imperfection a- 

mong the Antients 

8. 9 

it's Excellency 10 

it's Knowledge ne- 

| ceſſary bid. 
Geometry, what 156 
Problems therein 17, 22, 23 
Globe, how divided 99 
Germany, it's Mines 160 
it's Deſarts 164 

it's Rivers for tranſ- 

muting Iron into 
Copper 28 
Ghir Lake i] 286 
Gibraltar, Streights 174 
Gilolo | 113 
Globe, what 20, 530 
Terraqueous, what Part 

of it poſſeſſed by Wa- 

ter 395 

it's Contents. of Earth 

and Water, how com- 

puted 396 

whether it's Surface may 


be all Land or Sea 

| | | 416 
Globes, their Uſe 652, 668 
how made 716, 722, 728 
Gonnapi 2 151 
Gotland „ IS 
Grampian Mountain 140 
Greenland, it's Sea 178 


Griſons Country, See Switzer- 

land. | 

Guadiana River 315 

Guinea, it's Gold · Duſt, whence 
159 


INDEX. 


Guiſony, his Opinion of the O- 


rigin of Coral 225 
Golph of Bengal wt 
Ganges ibid. 

Mexico ibid. 
Ruſſia ibid. 
3 H 


| Ail, where formed 443 
Hall, Salt Springs 306 
Halley, Dr, his Explanation 
of the Cauſe of the Sea's 


Saltneſs | 210 
his Account of the Varia- 
tion 840. Ce. 
Harlem, it's ſalt Lake 287, 
22809, 292 
Hauton, his Secret for making 
Sea-Water freſh 217 
Head-Land, what 156 
Hecla, a burning Mountain 146 
Helleſpont 6. 293” "pg 
Hercules's Pillars 190 
Hercynian Mountains 139 
Heteroſcii, who 620 


Hills, See Clif. 


Hiſpaniola 112 

Hook, Dr, his Method of find- 
ing the Depth of the 
8 | 


ea 199 
his Method of examining 
the Saltneſs of the Sea- 


Water 5 
Horizon, what 532 
the Senſible or Vifible, 


what | AW 

it's Magnitude 776 
Hours, their Difference in dif- 
ferent Places 643, &c. 
Babyloniſh, Jewilh, Ita- 

lian 645648 
Hudſon's Baß 172 
Hungarian Mountains, See Alps. 
Hyperborean Ocean, See Ocean. 
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Tc 
Amaica | -.23$ 
| James's Iſland | 111 
Janna n 286 
Japan 109 
a hot Spring there 389 
Java 112 
it's ſhatter d Mountains 
150 

Iceland - + 110 
it's hot Dach 378 
Jeniſa, it's long Courſe 356 
Imaüs Mountain 8 
Inch, what 1 
Indus, it'sannual Inundation3 42 
Jordan River | 316 
Ireland 112 
Iron ecxpoded, by w Water us 

Iſlands, what 
the ſmaller 113, I = 


116 

how formed 407—413 
the floating Sort ibid. 
why few in the middle 
of the Ocean 417 
the larger Sort 109,111 
the middling Sort 112 


one frequently ſhook 
with Earth-quakes 152 


ann 117 
the moſt noted ones 
| 118 


K. 


n it's rich Cop- 
per Mines 160 


. 


Aaantius, his: Opinion of 
the Earth's Figure 28 


Ladoga 288 


Ladrone Iſlands 116 


La Fontaine forte, it's vinous - 


Water 371 


Laire, it's Cataracts 322 
Lakes, what 3 
their Kinds and Origin 
280 —290 

| how fed 289,319,324,325 
how drained, or dried up 

| 292, 399 
how they appear where 
they were not before 

| | 414 
how to be made 291 
the ſmaller Sorts, how 
ſupplied 292, 293 


La Maire Streights 172 
Lansberg, his Obſervations on 
Refraction 459 
Lantchidal Sea 1 
Laſt, what 804. 


Latitude of Places, what — 
to find 541, 893—898 

Leaches, See Moraſſes. 

League, French, Spaniſh, Ara- 

bian : 25,26 

Lena, See Maia. 

Leward Iſlands, See Caribbee 
Hands. 

Libya, it's Deſarts 163 

Light, it's Reflection, whence 
460, See Twilight. 

Line, Geometrical, what 16 


of a Ship's Way, what 852 
Linliguna Pool : Js 
Liparis River | 376 
Liſon Mountain 144 
Loch Loumond 278 
Longitude, what 668 —674 

the way of finding it 678. 

681--687--688--691 


Lorrain, ſalt Springs there 305% 
Lou- Zara, a remarkable Spring 
I 
Loxodromy, what 360 
Lucaros Iſlands, See Antilles. 
Luconia 109 
Lunenburg, it's alt Spring gs 305 
how ned 345» 


346 
Maccao, 


M 

1 Accao, it's Tides. 263 
Madagaſcar 110 
it's Mines 160 
Madera 114 
Madre, it's Curvatures 324 
Maelſtroom 277 
Mzotis Lake 293 
Maia 356 
Majorca 113 
Magellan Streights 172 
Maldivia Iſlands _ 115 
Malta 114 
Manila Streights 173 
Maps, what 85 

their Uſe 528,531 "530, 


how made 728—762 


Maron Lake 394 


Marſhes, See Bogs. 

Maundreli, his Obſervations on 
the Lake Aſphaltites 379 

Meaſures, their different kinds 


23—27 
Mecon, it's annual Inundation 
| 3343 

Medina 195 
Mediterranean, it's different 
Names 169, 170 


Menam, it's annual Inundation 


i ? 343 
Menſuration of Diſtances 762- 
778 
| Meridian, what $31, 532 
- -__ the firſt, what 669--671 
Meridional Parts 
Conſtruction of 868.874 
Table of 875890 
Mercator's Chart rr 


Scale to Meaſure it 357 


Meridian Line, to find. 539 


exico, it's Gulp 171 


Mile, German, Italian; Roman, 


Perſian, Egyptian, Engliſh, 
— Swediſh, Ruſſian, 

urkiſh, Indian 24--27 
binland . 26 


INDEX. 


Miles, which moſt commodious 
59 

Mindanao | 112 

Mines, what 158 

the moſt celebrated for 

Gold and Silver ibid. 

| 161 

their Contents 97 

of Salt 161 
Minorca 114 

Molucca Iſlands | 116 


Monſoons, See Winds flated. 
Monte de Soma 144--148 


Moon, what Part darkened in 
her Eclipſe 628 
Moraſſes, what 280 
their Kinds 292 
Motion, diurnal 533 
annual ibid. 
Mountains, what 119 


their Height, how 
taken 120—1 26 
their Origin 131 
why Rains fall there 


oftner than in o- 
ther Places 132 


whether their Sur- 
face be more capa- 


cious than the 
Plain they ſtand on 


I 
the moſt dt 
for 2 Height 
142—145 
« their Differences 145 
the burning kind, or 
Vulcano's 145 


| 154 

the Cauſe of their 

burning I54 

their moſt noted 

Streights 156 

the Mountain where 

the Ark reſted 138 

Riphean 136, 139 

Mouths of Rivers, what 316 

Mummy, how made $23 
Nanki 
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Ankin, it's Gulph 171 


Nie. 


Navigation from Weſt to Eaſt, 


why eaſier than from 8 


Eaſt to Weſt 68 


- the Art 800-898 


in three Parts 800 


Needle, Magnetic, what 837 


it's Variation 838, Cc. 


| how found 841 
 Negropont 113 
Neſs Lake 374 
Newfoundland 110 


Newton, Sir Iſaac, his Expla- 
nation of the Principles of 
Nature 88 


Nicaragua Lake 285 

Niger, the Length of it's 

5 Courſe 355 
forms Lakes 287. 


it's annual Inundation 342 


Night, whence colder than Day 
| 442 
- Nile, forms Lakes 287 
it's Mouths S107 2 
it's Cataracts 321 
it's annual Inundation 339, 
342 
111 


Nova Zembla 8 


O ' 
BY River, it's Courſe 


| 356 
Ocean, what 165 
| it's Extent ibid, 
how formed ibid. 
how divided 168 
how named ibid. 
it's Surface ſphericali 81 
why it appears higher at 
2 Diſtance 187 


whether every where of 


"the lame Depth 191 


— 198 


1 
* 


Nature, it's Principles, 


Ocean, wherein contained 201 
| —207 
Ethiopic, it's remarkable 
white Salt ibid. 
why not enlarged by Ri- 
vers 221 
it's different Colours in 
different Parts 222 

a 224 

why it throws up terreſ- 
trial Bodies 229 
Peculiarities found therein 
224— 228 

how it covers Land where 
there was no Water 


before 414; #15, 
416 

why it elbe the Shores 

401 


Olearizr, his Opinion of the 
Height of the Caſpian 309 
Olympus, Mount 121 
— Lake 288 
Opties treating the Buſineſs of 
Re fraction 4 
Ormus, it's ſalt Mountains 161 
it's Houſes built of Salt 


211 

Ornithias, what 514 

Ox-Eye, what 521 

Ozero 288 

P 

1 Gesebedar whe 25 

Pacific Ocean 168 

Palm, what 24 
Paradon 11 


Paraguay River, it's annual In- 


undation 343 
Parallels, what 531 
Parime Lake 283 
Pehon, See Petrat. 
Peninſulz's, what 117, 118 
the moſt noted 118 
Perch, or "my what 


24 
Peri- 


Periæti, who 

Perifi who 619 
Petras 144 
Perſian Gulph 170 
Philippine Iſlands 116 
Pike of St George 143 
„ e 142 


Pliny, his Account of the Dil: 
' tance betwixt Athos and 


Lemnos 128 
po River 36 
Pochnia, it's Salt Mines 161 


Points of the Compaſs, what837 


P oles, what 530 
Ponds, what 280 
Pofidonias,” his Method of mea- 

ſuring the Earth 60 
Potoſi, it s rich Silver Mines 
Prince William's Illand I — 
Promontories, what 119 


Properties of the Engliſh, 
French, and Rhioland Feet 


724 
Preſter, what 519 
Pyreneans 135 
Q 
_ what 17 
Adius, what 


8 17 

Rain, why little in the 
middle Region of 

the Air 425 

where formed 443 

why freſh on the O- 

cean 216—219 

Red Sea 170, 224 
RefraQtion, differently affected 
; by the Air 448—460 
Examples thereof from 


Tycho, &c, 460-464 


INDEX. 
633 RefraRtion, Problems relating 


to it 464— 
. 5 the Sun, Se. . 


it's Nature and = 

- ibid. 

Rhetian Mountains, See Alps. 
Rhine, it's Cataracts 322 
* 'S _— thereof ſtagna- 


died 318 
Rhodes 114 
Rhone, how fed 1 
Ridges of Mountains, what 1375 

the moſt celebrated 135 
142 
their Origin 141 


Rio de la Plata 326, 342, 357 

Riphean Mountains, what 139 

Rivers, what 295 

navigable, which ibid. 

their Origin 296 

their Springs, whence 

I 297 

how augmented 299 

ſome dip under Ground 

3714, 316 

where exonerated ibid. 

| 317, 318 

how diſcharged 318 

the Reaſon of the ſtag- 

nating 320 

why not ſalt ibi d. 

the annual Diſcharge of 

one River, more than 

the Bulk of the Earth 

5 305 

their Channels, why un- 
equal 320 

their Levels and Depths 

322, 323 

why broader in one Part 

than another 322 

why ſome run ſwift, o- 

thers ſlow 323 

why the ſame Rivers run 

more or leſs rapid in 

different Places ibid. 

Rivers, 
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I 


. . \Rapidity ,, 323 
whence choaked up 324 
why they ſeldom run 

7 La. -;; 108. 

. why broadeſt at their 

Month 325 


the remarkable ones for 


. broad Mouths 326 
often afford Metals 52 
—328 

the remarkable ones for 

if dar e os 15 RK 
the Difference of their 


Waters 2 


3 
theirNaturehow known 


£ «13/4 ee 

the Cauſe of their Inun- 
dation 343 

how brought from one 

= Place to another 353 
thoſe remarkable for 
their Breadth and 
Length of Courſe 


e wal 6g 
their Water, why lighter 
than the Sea-Water 


TL 358 
with they ſometimes 
leave their Channels 


dry $392, 307399 


why they ſometimes run 


in new Channels 413 
Ruſſian 8 — WF8 


Alling round the Earth, by 


whom performed 166 
the Art 809-898 


St Helena Iſland 114. 154, 311 
Lawrence River 297, 351, 


1 
Nary s Well 392 
Patrick's Purgatory - 157 


Thomas's Ifland 114 


baya. 
$almon, his Deſcription of the ber Charts, how made 5 
overflowing of the Nile 339 | 
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Salt concretes ſolid Bodies 212 
why it diſſolves ſopner in 
hot Water than in cold 

| 215 
found i in in-land Countries 
395 

' how ſeparated from Sea- 
Water 313 
the kinds thereof ibid. 
Salt-Meat, why ſalter to the 
- Tafte hot than cold 214 


Salt Water, how rendered pure 
304 

Sand Banks, what 404 
>2 their Origin 405 
their Danger and Mi- 
chief ibid. 

the moſt remarkable 

ones c6 


1 4 
"may become Part of 
the Continent. 407 


Sardinia 112 

Sea, not higher than the 1 * 
1 

] — it's blinds. = 

2212 

ce freſh near the bot- 

tom ibid. 

why luminous by Night 

| 228 


it's Motions 230, Sc. 
it's ſwelling and ſwaging 
— 2 
it's Flux and Reflux N 
258, 262, 263 
Caule of the Tides 243 
| 349» 254 
it's — Motion from 
Eaſt to Weſt 249, 52. 
2 
it's Flux and Reflux varics 
with the Seaſons 250 
_ Pacific, why calm 279 
it's Concuſſion, what 278 
See Cape Briton and 
Cam 


Sea. Compaſs, how made 836 
o corrected 843 
bow affected 837 
Sea- Water heavier in the Tor- 
rid Zone than in the nor- 
thern Regions „ 


has certain Peculiarities ; 


an | 224. 
Seaſons of the Year, how deter- 

mined 569, 586 
bow found 574, Ce. 
Secant, See Arc. 

Seneca, his Deſcriptton of the 
Nile O---3 
Senegal River, it's Tides 185 
Shadows of Bodies, how caſt in 

different Parts of the Earth 


61 
Ship-Building, it's Requilites 
a 800-803 
Ships, how to be loaded 805 
Sicily 112 
Sine, See Arc. 
Singhay Lake 285 


Situation of Places, how found 
717 ˙722 
Sloughs, Ser Bogs. 


Snow, where form'd 443 
Soame 358 
Socotra, See Zocotora. 

Soran Lake 286 
Sound 175 


Spaws, the Cauſe of their 
boiling | 387 
Springs, their Origin, See Fun- 
_ tains and Rivers. 

flowing into the Seaz06 
near the Ocean brackiſh 
229 

Stadium, See Furlong. 
Stars, afford Arguments for the 
Earth's ſpherical Figure 
35» 30 
how far they move in an 
Hour | 676 
ſome fixed ones bigger 
than the Earth 67 


Storms 


at, 522, Ce. 
- ſome anniverſary 528 


Streights, what 167 

their Cauſe and Origin 

e 1 189— 19 

how dried up 400 

the moſt noted 172-176 

Sumatra 5 . 110 
Summer, what — 

Sun, Arguments 7 

of the Earth's ſpherical 


Figure 35, 36 

how it riſes and ſets in the 
different Zones 548, &c. 

1 652, &c. 
Sunday Iſlands 115, 116 
Surface of the Earth, what Part 
continued 93 


Switzerland, why aceounted 
the higheſt Part of Europe 
| 120 


T 

T' Able of General Geogra- 

phy 1113 

of particular Geogra- 

phy 13--15 

of Engliſh Meaſures 26 

of a Degree in diffe- 

rent Parallels 6r 

for finding the Time of 

the Tide 266, 267 

of the Latitude and 

Longitude of Places 

692--708 

of the Declination and 

right Aſcenſion of the 

Sun 710 

of the Stars 712 

Tanais, whence it ſprings 297 

Tangent, See Arc. 

Tara, it's Curvatures 
Taurus, Mount 

Teneriff 


32 
137 


; 143 

Ternati, is terrible Spiracle 151 
Terra firma, See Continent. 
| Terra 
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Terra del Fuego 116 
Thermometer, how maile 437 
Tis, how cauſedl $11 
Table of them 817-825 
Time of it by a Sightof 

the Moon 829, 830 

higher at New and Full 

Moon than at the 
Quarters 249, 250 

high on the be of 

China and Japan 253 

not ſenſible in the 


Streights of Gibraltar, 
nor in the Baltic 253, 

the Ebb and Flood * 

to be obſerved 261, 

262 

when and where higheſt 

and loweſt 251 

Tigris River . 


Times of one Place compared 
with thoſe of another 


643. &c. 

Timor ' 113 
Titicaca Lake 285 
Torrent, what, and how gene- 
rated 296 


Travados, See Ecnephias. 
Triangles, right-angled, what 21 
bh e there- 
22 
— what 531, 546 
Tan, what ER: 804. 
Twilight, it's Cauſe 467 
when it begins 468 
it's Duration, how 
found 580, 581 


Typhon, what 524. 
8 v , 
Aruas, a remarkable Ri- 


vulet there 392 
e why 8 ex- 
haled 


425 
* Set Monti di Soma. 


Villa Nova, it's remarkable 
Spring %. 392 

Virgin ] lands See Antilles, 

Vitruvius, his Method of find- 


ing Water * 350 


his Way of making 
Springs 
of trying the Goodndf? 
of Water 351 
Vortices, See Whir pools. 
Vulcano 8, See Mauntains, burn- 
ing. 
v 
U. 288 
w 


| Ater, it's Surface of 
what Figure 31 
attracts itſelf 307 
freſh and ſalt, their 
different Gravities 
358 
it's ſtrange Properties 
389, 390 
none pure and ele- 
mentary 3 
Mineral 8 
Kinds and Diffe- 
rences ibid. 362, 
364---369 
Mineral, their Origin 
362---304 
theirDifferences328, 
329, 347 
the heavy, with what 
impregnated 329 
how to be found 346, 
. 350 
Acidulz, their Ori- 
gin, Difference and 
Kinds 370---373 
Spaws, the celebrated 


onesinEngland 371 


Waters, 


. 9 
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* 
Waters, why not acid in nor- Winds, whence the South and 


thern Countries 372 
bituminous, or oily, the 
Cauſe and Generation 
thereof 378 
where chiefly found 


75378 


3 
bitter, their Origin 114. 
where found ibid. 
of a petrifying Quality, 
their Origin 380 
where found 380384 
the Cauſes thereof ibid. 
poiſonous, where found 
2384, 385 
the Cauſe thereof ibid. 
coloured, where found 
the Cauſe thereof ibid. 
See Fountains, Rivers, 

and Springs. 
Waves, naturally diffuſe 186 
Wells, SzeFountainsand Springs. 


Whirlpools, what 2d where 


276, 277 

White Sea, See Ruſſian Gulpb. 
Winds, what 481 
their Effects upon the 
Tides 269 
their modern Diviſion 
482 

their Cauſes ibid.—484 
whence they may blow 
perpendicular to the 
Horizon ibid. 
whence they blow with 
ſome Interruption 
485 

whence none blow per- 
pendicularly from the 
Air, (fr. ibid. 
 Whence Eaſt Winds are 
more frequent than 
the Weſt 4.36 
whence North and Eaſt 
Winds more ſevere 
ibid. 
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Weſt Winds more 
hot 487 
Signs of approaching 
Winds explained 
488 

whence ſlronger in 
Spring and Autumn 


| ag 
where they * — 


blow | 
how far may one and 


theſamereachibid. 


conſtant and incon- 
ſtant, what 491 
general, what 492 


where found i4. 496 


their Cauſe, what 16. 
ſtated and periodical, 
what 497---502 
where chiefly found 
: ibid. 507 
or Monſoons, their 
Cauſe, what ibid. 
whence the Eteſian 
Winds, in Greece 


I2 
whence the 8 
Chelidonian Winds 


I 
whenceEtefianWinds 
blow not in Italy, 
Ee. ibid. 
where almoſt perpe · 
tual 515 
ſtated, what belongs 
thereto 517 
northern, whence 


weaker the nearer 


to the Equator 76. 
ſouthern, whence 
ſtronger, c. be- 
yond the Equator i. 
the different kinds of 
Winds, what 5 19 
what Winds ſudden 
and ſtrong, but of 
ſhort 
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Continuance 


e a6 | 


bare | ue of 2 

| 520 
| tewpeſtuous 525 
hi See Compaſs. 
Winter, whence colder than 


Summer 2 
2 determined, * 
577 


Wolof, i it's CataraBs 321 
Spring and Diſcharge 318 
Wolga, where it lows 297 
how augmented ibid. 


' + it's Mouths | 317 
nanu his Opinion of the 
"—_— 97 
World, old, how divided 106 
how bounded ibid. 
environed by the Sea 176 


Fey 178 
new, how bounded 106 
how divided ibid. 


it's undjfcovered Parts 107 


Woods —_— * 162 
the Variety thereof 41d. 


"the moſt noted _ ibid. 
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Aerres, his Expedition 
into eee 144 
v | c 
22 > 
„ Achaf Laks:- - 288 
- —/ alan Lake 0 ibid. 
Zaire-Lake 287, 326, 342 
Zambre Lake ” 2 — 
Zealand 113 
Zeebe River 287 
Zodiac, it's Signs 534 
Zocotora . 114 
Zone, Frigid, it's Air whence 
« generally cloudy 439 
Zones, what 5 
Toorrid,  Frigid, - | 44 
a Temperate ibid. 
©  how'meaſured.' 553 
FIR Howe differently affected 
by Light, Hen Nins. 
| Fe. 567 
658 
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